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SUMMARY AND CONCLUSIONS 
As part of a broad project designed to determine effective 
methods of marketing the milk produced on Iowa farms, 
this study examines the costs of manufacturing butter in 
Iowa creameries from farm-separated cream. Specifically, 
the effect of volume of production upon cost of manufacture 
is studied and analyzed. The costs of assembling the cream 
and of marketing the butter are excluded. In addition, the 
costs resulting from butterfat losses and other manufactur-
ing losses are assumed to be constant in all the plants. 
Cost data were obtained from an intensive study of the 
operations in 13 cooperative creameries. Output volume in 
these creameries ranged from 170,000 to 3,000,000 pounds of 
butter annually. 
Two analyses were made of the assembled data. The first 
analysis was applied to the 13 sample plants. The second 
analysis was appled to six hypothetical plants in which all 
cost factors were standardized. 
Generally speaking,. the results obtained from the hypo-
thetical plants substantiated those obtained from the sample 
plants, and the two cost curves showed the same tendencies 
as volume increased. ' 
Three distinct cost phases were noted as volume increased. 
The first phase, for volumes up to 700,000 pounds, was one 
of rapidly decreasing unit costs. The second phase, for 
volumes ranging from 700,000 to 1,500,000 pounds, was one 
of essentially constant unit costs, with an indication of 
somewhat higher costs in this area. The third phase, for 
volumes above 1,500,000 pounds, was one of slowly decreas-
ing unit costs. The largest volume studied was 3,000,000 
pounds of butter annually, and at this volume costs were 
112 to %. cent less than for plants producing 700,000 pounds. 
This represents a decrease in unit costs of approximately 15 
percent. 
THE VERY SMALL CREAMERY 
Many Iowa creameries have an annual production of less 
than 200,000 pounds of butter. In such creameries it is not 
unusual to have costs as high as 8 to 10 cents per pound of 
butter. When it is considered that plants producing 350,000 
pounds of butter annually can achieve costs less than 5 
cents per pound, and plants producing 600,000 to 700,000 
pounds can achieve costs less than 4 cents per pound, it 
becomes evident that the smaller creameries are in a very 
poor competitive position. 
The major items of cost that vary with volume are build-
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ing, equipment and labor. The minimum requirements of 
each of these would suffice to manufacture 350,000 pounds 
of butter annually, and the total cost of these items would 
be the same at any volume less than 350,000 pounds. This 
explains the fact that the unit cost in the very small cream-
ery must necessarily be high. 
THE 300,000- TO 350,000-POUND CREAMERY 
It is possible to 'manufacture from 300,000 to 350,000 
pounds of butter annually in a creamery operated by one 
man. A plant with this volume can achieve costs less than 
5 cents per pound and is in a fair competitive position. How-
ever, in this plant the demands on the operator, both physical 
and mental, tend to be excessive' and are greater than in 
any other plant. Manual work-alone will·frequently require 
more than an 8-hour day, leaving no time for managerial 
duties. This plant is particularly inflexible in time of emer-
gency, whether the emergency be due to illness of the opera-
tor or breakdown of equipment. 
THE 600,000- TO 700,000-POUND CREAMERY 
In a creamery producing from 600,000 to 700,000 pounds 
of butter annually, costs of less than -4 cents per pound can 
be achieved. This represents the lowest unit cost for a 
small one-churn plant. 
The building space required for this volume is essentially 
the same as that required for a .much smaller volume. Only 
slightly more equipment is necessary. The labor efficiency 
in this plant is better than in a plant with. a smaller volume, 
even though the total labor force is increased. 
This plant is in a good competitive position, in that its 
unit cost of manufacturing is only slightly higher than that 
of a plant with a very large volume. 
THE 1 MILLION-POUND CREAMERY 
In creameries producing from %, million to 1112 million 
pounds of butter annually, the unit costs are somewhat 
. higher than in creameries producing either smaller or 
larger volumes. 
It is not possible to produce this -volume with the same 
equipment as that required by smaller creameries with9ut 
suffering substantial losses in labor efficiency. Even with 
additional equipment, it is not possible to reduce the unit 
labor cost. The chief reason for this is the necessity of 
segregating buttermaking and managing functions, both of 
which require fairly well paid employees. In addition, 
there is a tendency for the churning and cream receiving 
operations to overlap, thereby necessitating a large labor 
force to handle this peak load when it occurs. 
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THE LARGE CREAMERY 
Creameries having an annual production of 2 million 
pounds of butter or more can achieve the lowest operating 
costs. These plants have sufficiently large volumes to per-
mit the use of full-time crews in the major operations. 
Because of this, the equipment and building are used more 
efficiently than in the smaller plants. 
Plants producing 2 million pounds annually have es-
sentially the same costs as plants prQducing 700,000 pounds, 
while plants producing 3 million pounds have costs approxi-
mately % cent lower. 
It is possible that some further economy might be realized 
at productions exceeding 3 million pounds annually. How-
ever, inasmuch as the work organization in the plants pro-
ducing 3 million pounds reached a high degree of efficiency, 
it is doubtful that additional economies would be sub-
stantial. 
CONSOLIDATION CONSIDERATIONS 
The amount of butterfat available in a particular area 
will greatly influence the production volume of a consoli-
dated plant. From the standpoint of plant costs, there are 
two production volumes that warrant primary considera-
tion. The lowest costs are found in plants with an annual 
butter production of 3 million pounds. However, plants 
with an annual volume of from 600,000 to 700,000 pounds 
represent the low cost point for a small one-churn plant. 
The difference in manufacturing costs between these two 
production volumes approximates % cent per pound. In 
planning a consolidation it appears that a choice exists 
between a consolidation effecting a production of 600,000 
to 700,000 pounds annually and a consolidation that will 
result in a production approaching 3 million pounds. 
There are factors other than manufacturing costs that 
influence creamery organization. Many of these factors 
would also influence plant consolidation. Sociological fac-
tors which are largely built upon community considerations 
would tend to favor a smaller consolidation. In addition, if 
assembly costs (farm to plant shipment of cream) increase 
substantially with an increase in volume, the smaller con-
solidation would be favored.1 On the other hand, the larger 
creameries, because of their large volumes, normally process 
buttermilk into dried or semi-solid buttermilk. These by-
products often may be marketed at prices which make this 
operation a profitable. one. In creameries producing less 
than 1 million pounds the buttermilk is normally disposed of 
as such, on a day to day basis. 
'Another phase of this research project deals with the effect of volurne upon as-
sernbly costs. 
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Large creameries have been proposed on the ,grounds that 
they would use superior manufacturing techniques: Ob-
servations in the 13 sample plants did not indicate that 
there was any correlation between plant volume and manu-
facturing techniques. 
Inasmuch as many Iowa creameries have low production 
volumes, it is felt that even consolidations resulting in 
creameries manufacturing 600,000 to 700,000 pounds an-
nually would permit the realization of substantial cost re-
ductions. 
THE MANAGEMENT PROBLEM 
A detailed evaluation of management cost has not been 
attempted in this study. In the sample plants management, 
as it applied to manufacturing operations (work organiza-
tion, purchase of supplies, etc.), was taken as observed. 
In the hypothetical plants a constant level of good manage-
ment was assumed. Although time allowance was made for 
other managerial duties than those pertaining directly to 
manufacturing, no attempt was made to analyze and evalu-
ate in detail the daily activities of the manager. 
Actually the duties of a creamery manager are very broad 
and include a great many functions. Maintaining good re-
lations with the public, the producers and the employees; 
organizing the work in the plant and the hauling of cream 
and milk; purchasing supplies and equipment; improving 
the quality of the product; controlling manufacturing losses; 
and marketing the product are some of the varied functions 
in which he must engage. The success of the organization 
depends upon his satisfactory performance in all of these 
duties, and the net return of the business may vary greatly 
with his efficiency in discharging any or all of them. 
The Cost of Manufacturing Butter'" 
A Study Based on Data From 13 Iowa Creameries 
By J. R. FRAZER," V. H. NIELSEN' AND J. D. NORD" 
NUMBER, SIZE AND TYPE OF PLANTS 
The total production of creamery butter in Iowa has de-
clined from 237,825,000 pounds in 1934 to 193,153,000 
pounds in 1949. The number of creameries declined propor-
tionately, from 480 to 390, while the average output per 
creamery rose only slightly, from approximately 494,000 
pounds per plant to 495,000 (7). . 
Some variation in average output has occurred over this 
period, but no major change has taken place. A decline in 
total production has been accompanied by a decline in the 
number of plants to the extent that average production 
per plant has remained about the same. 
During 1948, 95 percent of the Iowa' butter plants re-
ported themselves to be local creameries as distinguished 
from the centralized type of organization. Approximately 
65 percent of these local creameries indicated that they 
were farmer cooperatives. 
The approximate distribution of creameries in' the dif-
ferent volume groups is indicated in the following table.6 
The butter industry in Iowa is characterized by a large 
number of small local creameries. These plants are sup-
plied butterfat directly by farmers in the form of farm-
separated cream. Most of the cream is assembled at farms 
and transported to plants by means of farm truck routes, 
but an appreciable amount of cream is still being delivered 
"Iowa Agricultural Experiment Station Project 1169. This study was financed in part 
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DISTRIBUTION OF BUTTER MANUFACTURING PLANTS IN IOWA BY SIZE 
r.ROUPS, 1949, 
Pounds of butter made in 1949 
0- 200,000 
200,001- 400,000 
400,001- 600,000 
600,001- BOO, 000 
800,001-1,000,000 
1,000,001-1,200,000 
1,200,001-1,400,000 
More than 1,400,000 
Total 
Number of plants 
125 
129 
49 
20 
18 
14 
9 
26 
390 
to plants by the farmers themselves. "Door delivery," as it 
is called, is still an accepted practice in most creameries, 
and many nearby cream producers perform this service for 
themselves. . 
PURPOSE AND SCOPE OF THIS STUDY 
Since the end of World War II some interest has arisen 
regarding the question whether the costs of assembly and 
processing of cream into butter could be reduced by the 
consolidation of several small plants into a plant with 
larger volume. Certain groups of small plants in the heavy 
milk producing area of Iowa have considered consolidation 
as one alternative method of improving their own competi-
tive position in the butter industry. As a result of this 
thinking they requested that a study of the relation of plant 
volume to processing and assembly costs be undertaken in 
order that interested groups might have a factual basis 
for evaluating their own situations. 
This study is part of a research project designed to 
analyze the over-all costs associated with marketing milk 
from the farm to the various markets for dairy products. 
The costs of marketing milk as butter warrant primary 
consideration since nearly 80 percent· of the milk sold from 
Iowa farms is sold as farm-separated cream for the manu-
facture of butter (7). . 
The scope of the present study is limited to an analysis of 
the plant manufacturing costs necessary to process farm-
separated cream into creamery butter. It is a study of the 
costs that are associated with the operations that take 
place within the butter plant, and therefore excludes the 
costs of farm-to-plant cream assembly and plant-to-market 
movement of butter. Those costs are being analyzed in a 
separate study. 
The central objective of this analysis is to provide in-
formation relative to plant operating costs that will be 
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useful in management planning. Some knowledge of dif-
ferences in costs as related to differences in plant volume, 
whether they are econQmies or diseconomies, is of utmost im-
portance to this type of planning. The main emphasis of 
this study is therefore directed toward an analysis of the 
economies of scale for butter manufacturing plants. 
" A REVIEW OF PREVIOUS STUDIES 
There are few published cost studies dealing specifically 
with the manufacture of butter from farm-separated cream. 
Black and Guthrie (1) investigated the cost structure of 
88 Minnesota creameries for the year 1920. Their study 
was based on data obtained from financial statements, plant 
surveys and the Minnesota State Department of Agriculture. 
There is no precise statement of the method of analysis 
in Black and Guthrie's report. It appears that the report is 
based primarily upon the financial statements of the cream-
eries studied. Exceptions to this are found in the case of 
building and equipment costs. 
Annual costs for building and equipment were determined 
by assessing standard depreciation rates and interest rates 
to a valuation "almost exactly half-way between original 
cost and 1920 cost." All cost items other than building and 
equipment costs appear to have been taken from the finan-
cial statements. 
The results of the Black and Guthrie study were pre-
sented as average cost figures for all plants studied and 
average cost figures for various size ,groups stratified by 
volume of output in butter. They showed that costs de-
clined with volume, from 5.75 cents per pound of butter 
in the small creameries (produCing less than 100,000 pounds 
annually) to 2.98 cents in those producing more than 500,-
000 pounds. 
Although the study is essentially descriptive, the pres-
entation of results for different size groups led to some 
inferences as to economies of scale. The authors recognized 
that many variations were obscured by the use of averages, 
but they were unable to avoid this difficulty. 
In 1930 Giese and Mortensen (4) reported some cost 
figures for Iowa creameries that had been determined by 
Shepardson and Mortensen in 1922. This cost summary 
was the result of a, survey of the financial statements of 
115 cooperative creameries. The published figures were pre-
sented as averages :for groups of plants stratified by volume 
of butter production. This study, like that of Black and 
Guthrie, showed decreasing average costs with increasing 
scale; the two studies were remarkably similar in the 
results obtained. 
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Holt (6) reported a cost analysis made from the financial 
statements of 34 cooperative creameries in Iowa. This study 
was based on records from the 1929 operating year. 
The creameries included in this study were all using the 
same accounting systems. The use of an accounting system 
common to all the plants allows for greater ease and ac-
curacy in making comparisons between plants. This feature 
is the only characteristic that distinguishes Holt's study 
from the previous two. 
Holt presented his results as costs for each plant studied 
and gave some figures showing the behavior of average 
costs with increasing output. The data were shown as a 
scatter-diagram with cost per pound of butterfat plotted 
against the volume of production. He did not fit a regres-
sion line to. this data, but did venture some general ob-
servations on economies of scale. The creamery with the 
highest cost of 7 cents per pound of butterfat processed 
100,000 pounds of butterfat. The largest creamery proc-
essed 2,100,000 pounds of butterfat at a cost of 3 cents per 
pound of butterfat. 
Holt speculated upon· the possibility that costs did not 
decrease continuously as volume increased. He stated (6, 
p.15), 'C ••• in Fig. 15 it should be noticed that total expenses 
per pound of butterfat are reduced from an average of 
about 6112 cents for volumes of 100,000 pounds to about 
3112 cents for volumes of 300,000 pounds. On the average, ex-
penses continue to decrease until a volume of about 400,000 
pounds is reached, from which point they seem to increase 
until the volume reaches 600,000 or 700,000 pounds and 
from there on to decrease gradually as the volume increases. 
Regardless of volume, expenses are not likely to fall much 
below 3 cents per pound of butterfat. The chart also shows 
that there are wide variations in expenses for creameries 
of practically the same size." 
These three studies have much in common. Their value 
as cost studies is primarily descriptive. Black and Guthrie, 
as well as Giese and Mortensen, generalized from averages 
to describe the cost structure of butter creameries, while 
Holt generalized from graphic presentation, leaving the 
variations in the data open to the observation of the reader. 
Another important characteristic of these studies is that 
they all ventured some conclusions regarding economies of 
scale, although Holt did not attempt to apply any measure 
to these economies. A tendency for costs to be reduced with 
increasing output was shown. This tendency may have been 
due to efficient use of plant and labor arising from better 
utilization of capacity or it may have been due to true 
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economies of scale. Cost differences shown were a blend 
of these two sources of difference. 
Tinley et al. (10) examined the records of 20 creameries 
in California ranging in volume of output from 112 million 
to 7 million pounds annually. These were, in the main, 
whole milk creameries with the manufacture of butter as 
the primary enterprise and the drying of skimmilk and 
buttermilk or the manufacture of casein as secondary activ-
ities. In this study, the manufacture of butter was charged 
with all expenses which would have been incurred if butter 
only were made, while the by-products were charged only 
with the additional expenses which could be attributed di-
rectly to their manufacture. . 
Tinley found that labor costs, excluding hauling, cutting 
and wrapping, ranged from $7.45 to $17.55 per 1,000 pounds 
of butter manufactured. Labor costs declined rapidly as 
volume increased from 112 million to 1% million pounds and 
somewhat less rapidly from 1% million to 2% million 
pounds. One creamery with a volume of 4 million pounds 
had higher labor costs than the creameries in the 2 million-
to 2% million-pound range, and two creameries manufac-
turing 6% million pounds had still higher labor costs. These 
studies indicated that the optimum size with respect to labor 
utilization would be about 3% million pounds annually. 
Tinley remarked, however, that the higher labor costs in 
the three largest creameries could have been due to the fact 
that these plants were inadequately equipped with building 
and machinery and speculated that a complete reorganiza-
tion of these facilities might have resulted in decreasing 
labor costs beyond an annual output of 4 million pounds. 
Mighell and Quintus (9) in 1936 listed the manufacturing 
costs as taken from comparable records of 66 cooperative 
creameries in Iowa. Their data may be sUJpmarized in the 
following table in which the creameries are grouped arbi-
trarily according to annual volume of output and which 
shows the average cost as well as the cost range for each 
group. 
VOLUME AVERAGE COST RANGE 
Cents per pound butterfat Cents per pound butterfat 
--Less than 250, ()()() pound •........ 3.80 4.95-2.72 
250,000 to 450,()()() pounds .•...•. 3.24 4.50-2.30 
450.000 to 650. ()()() pound •....... 2.f!1 3.46-2.07 
More tban 650,()()() pounds .. _ •... 2.37 3.44-1.72 
Koller and Jesness (8) in 1937 reported the manufactur-
ing costs in 173 Minnesota creameries to vary from 1.209 
cents to 4.796 cents per pound of butter made. Increases 
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in volume up to 500,000 pounds were accompanied by rela-
tively large decreases in cost, and the largest creamery in 
their study with an annual volume of 1,668,000 pounds had 
also the lowest cost. 
A milk marketing study in Connecticut, published in June, 
1948, included a report on the economies of scale in pas-
teurizing and bottling plants (5). 
In order to eliminate cost differences due to varying 
amounts of excess capacity, the Connecticut study is based 
on data from six hypothetical plants that were constructed 
"on paper" and assigned an output equal to their respective 
capacities. These capacities were computed from technical 
data and opinions. Inasmuch as each case presented was 
similar to all others in respect to the utilization of plant 
capacity, the economies indicated by the results were taken 
to be the true economies of scale for this type of operation. 
The Connecticut studies were a principal step forward in 
the analysis of economies of scale. The budgetary method 
that was used in this study provides a means for eliminat-
ing cost differences due to varying amounts of excess ca-
pacity and also removes the cost differences due to time and 
location. 
Cost differences due to time and location arise when 
data are taken from financial records. For example, build-
ings and equipment purchased at different times and at dif-
ferent prevailing price levels will show different costs be-
tween plants identical with respect to capacity and operat-
ing characteristics. Such differences in cost are real but 
bear no relationship to economies of scale. Similarly; dif-
ferences in labor wage rates may be due to the location of 
plants in respect to principal labor markets. The resulting 
differences in labor costs are again real differences but do 
not bear any relationship to economies of scale. The stand-
ardization of these costs in all plants eliminates these dif-
ferences. 
SELECTION OF SAMPLE PLANTS 
This study deals with the costs of manufacturing cream-
ery butter from farm-separated cream in Iowa. During the 
spring and summer of 1950 a large number of plants in 
the state were visited and 13 creameries were studied in-
tensively. Although many creameries were visited in order 
to gain an over-all impression of the types of operation pre-
vailing, it was only possible to study a limited number in-
tensively because of lack of time. 
These plants were all farmer-owned cooperative cream-
eries, and in every plant visited. a willingness to cooperate 
was expressed. 
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The plants studied were selected on the basis of two 
criteria. First, the plants were selected on the basis of 
their volume of production. They represented as well as 
possible the entire range of production in Iowa creameries. 
Secondly, the plants were selected on the basis of their 
type of production. Only those plants were studied in which 
the primary function was the manufacturing of butter from 
farm-separated cream. In this connection two subsidiary 
operations, butter printing and buttermilk drying, had to 
be allowed for. Nearly all creameries print some butter 
into I-pound packages, and most larger creameries manu-
facture dried or condensed buttermilk. 
It was not feasible to study intensively a sufficiently large 
number of creameries to constitute a statistically repre-
sentative random sample. Rather, in addition to the pre-
vious criteria,an attempt was made. to study plants in 
which the operations were carried on under various con-
ditions. For example, three sample plants were chosen in 
the volume range of 302,000 to 374,000 pounds per year. 
One of these plants was new and well designed, a second 
was housed in an old building, while a third, in contrast to 
the other two, carried on churning and receiving operations 
on alternate days. Only by selecting plants after visiting 
them was it possible to secure from 13 plants the wide va-
riety of information needed for this study. 
METHOD OF GATHERING INFORMATION 
Information was obtained at each sample plant by a team 
of three men: In order to develop and establish the best 
methods of gathering information, one of the larger cream-
eries was studied over a long period of time before the study 
was extended to the other plants. . 
Other plants were studied at the rate of approximately 
two per week, with from 1 to 3 days being spent in each 
plant. 
A complete inventory of the buildings and equipment was 
made for each plant. A scale drawing of each building was 
made showing the total building space and the space used 
. by each department. A record was made of all plant equip-
ment, specifying its size, type and model. 
The work operations within the plant were analyzed by 
means of time studies. This was done to build up standard 
times for each operation and to allocate the labor force 
among the several plant operations. A record was made of 
1Beeause of the varying backgrounds of the men in the team, it was possible to gather 
a wide variety of information about the plants. These men represented the fields of 
agricultural economics, creamery operation and industrial engineering. 
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the personnel in each plant, specifying both the number of 
people and the type of work done. 
Data showing total production of butter, and primary 
cost items such as fuel, power, etc., were obtained from 
plant records. 
METHOD OF ANALYSIS 
The main object of this study is to determine the effect 
of volume of production in an individual plant upon the 
cost of manufacturing butter. To accomplish this object, 
those factors other than volume of production that influence 
the cost of manufacture should be eliminated. 
Variations in cost due to factors other than volume of 
production would be introduced if the data were gathered 
from creamery accounting records. This would be true even 
if these records were kept on a uniform basis. For in-
stance, one creamery. might have a churn purchased recently 
on which it was legitimately charging depreciation at a rate 
approved by the Bureau of Internal Revenue. Another 
creamery might have a similar churn, purchased several 
years ago, and being used in exactly the same way. This 
churn might be completely depreciated on the accounting 
records, with the result that no depreciation cost was being 
incurred for this piece of equipment during a period when 
it was actually in use. Even though the difference in cost 
of this particular item between the two creameries would 
be a real difference, it would not reflect a variation in cost 
due to volume of production. 
Other examples of variations in cost not related to volume 
of production are: 
Variations in original cost of building and equipment 
due to time of purchase. 
Variations in depreciation rates from creamery to cream-
ery. 
Variations in wage rates from one locality to another. 
The factors other than volume of production that influ-
ence the cost of manufacture may be divided into two cate-
gories: those which are independent of the operation of 
the creamery and those which are dependent upon the oper-
ation of the creamery. The above examples illustrate varia-
tions which are independent of the operation of the cream-
ery. 
Those variations in cost which are dependent upon the 
operation of the creamery may be illustrated by two cream-
eries having the same volume of production but with one 
having a larger labor force than the other. Other examples 
of such variations would be two creameries having the 
same volume of production but using different types of 
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equipment or using equipment of different capacities. Gen-
erally speaking, these latter variations are subject to the 
control of the creamery management. 
Two different analyses were made of the cost data ob-
tained in this study. In the first analysis, the identities of 
the 13 sample plants were retained in part by allowing the 
variations resulting from the operation of the creamery to 
remain, whereas cost variations independent of the opera-
tion of the creamery were eliminated. In the second analy-
sis, all variations other than those due to volume of produc-
tion were eliminated. This was done through the design 
and analysis of six hypothetical plants. 
SAMPLE PLANTS 
In the first analysis, standardized wage rates for each 
classification of labor were applied to the working force 
which was found in the individual plants. The standard-
ized wage rates for each classification of labor are as fol-
lows: 
Manager ................................................ $5,000 per year 
Buttermaker-manager ........................ 4,500" " 
Buttermaker ........................................ 8,500" .. 
Helper ...... __ ~.h •• ___ ............... aoo ............ _ ........ _ •• 2t600" " 
Office clerk ............................................ 1,800" " 
Tester .......... ___ .......................................... __ .. 2,,000" " 
Plant engineer ................. _...................... 3,000" u 
These salaries are selected values typical of the wages 
paid in 1949 in the 13 sample plants. The study did not 
make it possible to determine whether or not these wage 
rates are adequate. It should be stressed that they in ,no 
way represent a recommended standard. The use of an-
nual wages rather than" hourly wages is in accordance 
with general practice. Virtually all creameries employ 
their men on an annual salary basis and, with few excep-
tions, ls:eep a constant work force throughout the year. It 
should be noted that the standardization of wages in the 
13 sample plants is limited to wage rates, and that the work 
force actually found in the individual plant was not stand-
ardized. ". . 
Building costs consist of depreciation, maintenance and 
interest on the plant building. In the analysis of the 13 
sample plants, these costs were standardized by assessing 
them in terms of a newly constructed building of the same 
dimensions as those of the building actually in use. The 
replacement cost for each building was determined by use 
of the Boeckh Manual of Appraisals (2) and the Boeckh 
Index Calculator Tables (3). An example of such a calcu-
lation is shown in Appendix A. A standard depreciation 
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and maintenance rateS of 4 percent of the replacement cost 
was applied and a standard interest rate of 4 percent of 
the average investment (one-half of the replacement cost) 
was applied. 
Equipment costs were determined in a manner similar 
to building- costs. An inventory of the equipment in each of 
the 13 sample plants was taken, and the replacement cost 
of each piece of equipment was determined on the basis of 
current prices.9 An allowance for installation charges was 
made where applicable. The annual charge for depreciation 
and maintenance was determined by using an appropriate 
rate for each piece of equipment.1o Interest costs were ob-
tained by using a standard rate of 4 percent of the average 
investment in equipment. 
The costs of insurance, local taxes and payroll taxes 
were computed for each plant at standardized rates. In-
surance was computed at $1.35 per $100 of coverage on the 
building and $1.45 per $100 of coverage on the contents of 
the building plus $0.096 per $100 for extended covreage." 
Local taxes were charged at the rate of 30 mills per dollar 
of average investment. Payroll taxes were charged at a 
rate of 2 percent of the wages paid. 
~he costs of fuel, electric power, materials used in proc-
essing, packaging materials,general plimt supplies, office 
supplies and bank charges, and general administrative ex-
penses were all taken from the records of each plant for 
the period studied. . 
For each of the 13 sample plants, the volume of produc-
tion used in determining costs was the volume actually 
processed by the plant during the year 1949. 
HYPOTHETICAL PLANTS 
In the analysis of the hypothetical plants, a specific vol-
ume for each plant was chosen on the basis of a given num-
ber of full churnings per day in the peak season. 
Those cost variations due to factors other than volume 
which depend upon the operation of the creamery were 
eliminated by applying the following standardizations to 
each plant: 
The necessary equipment to process the given volume was 
selected. 
"Depreciation and maintenance costs have been grouped together as one rate. This 
has been done hecause in practice depreciation costs and maintenance costs tend to vary 
inversely. This is not presented as a generally applicable treatment of depreciation 
since a great deal of variability exists. 
9Prices were obtained from dairy equipment manufacturers and jobbers for each 
type, size and make of creamery equipment .. 
lOA list of the depreciation and maintenance rates applied may be found in Ap-
pendix D. 
"These rates were furnished by the Iowa Inspection Bureau. nes Moines, Iowa, as 
being representative rates for insuring butter plant.. The rates Were applied to a 
coverage representing 80 percent of average investment. 
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An adequate building to accommodate the equipment and 
operations was designed. . 
A sufficient working force to handle the operations was 
assigned. 
Observations and measurements in the sample plants 
were used to develop these standardizations: The standard 
rates prescribed for the sample plants were then applied 
to determine the cost of the items. 
Charges for fuel, electric power, materials used in proc-
essing, packaging materials, general plant supplies, office 
supplies and bank charges, and general administrative ex-
penses were based on actual costs found in the sample 
plants. 
DEPARTMENTALIZATION OF COSTS 
The costs for each plant were allocated to the following 
departments: administration, receiving and testing, pas-
teurizing and cooling, churning, butter printing, buttermilk 
drying or condensing, and general plant. The costs of 
butter printing and buttermilk drying or condensing are 
segregated since all plants do not perform these functions 
to the same degree. This segregation makes it possible 
to show the cost of producing bulk butter in each plant. In 
addition, departmentalization permits the analysis of costs 
by departments. 
The cost classification in this study differs from that gen-
erally used for cost accounting purposes. No attempt has 
been made to establish a classification of intermediate 
costs. Such cost classifications involve allocations that are 
necessarily arbitrary, and the value of any results so ob-
tained is open to question. 
Intermediate costs have been replaced by an additional 
department called general plant. In effect this group of 
costs is treated as a functional department even though in 
reality it is not such. Only in the case of butter printing 
and buttermilk drying or condensing have these interme-
diate costs been allocated. The total costs assigned to these 
departments may be found in Appendix G. 
The costs charged to the general plant department are: 
fuel; electric power ; general plant supplies; building and 
equipment costs associated with steam, power, refrigeration, 
dry and cold storage space, rest rooms and lockers; and the 
labor cost necessary for operating and maintaining these 
functions and facilities. 
It is evident that the general plant department includes 
some costs that might rightfully have been charged to the 
operating processes in the plant, but since those costs were 
charge~ consistently to general plant in all cases, the com-
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parison of one plant with another was not impaired. The 
total unit cost for each plant is the same amount in either 
case. When intermediate costs are allocated to each oper-
ating function, the results are apt to be misleading due to 
the limitations of such a procedure. 
RESULTS 
A. SAMPLE PLANTS 
The annual production of butter for the 13 sample plants 
ranged from 173,000 to 2,958,000 pounds. This covers vir-
tually the entire range of output produced by local Iowa 
creameries. 
Table 1 shows the volume of annual production for each 
of the 13 plants, and the costs of manufacturing bulk butter 
in cents per pound. All of these plants have been classified 
as either one- or two-churn plants.12 The one-churn plants 
are indicated with an aster-
TABLE 1. VOLUME OF OUTPUT AND l·sk. The data l'n table 1 are MANUFACTURING COSTS OF BULK 
BUTTER IN 13 SAMPLE PLANTS. shown graphically in fig. 1. 
Plant 
A· ......... . 
ll· ......... . 
C· ......... . 
D· ......... . 
E ......... .. 
F· ......... . 
0 ......... .. 
H· ......... . 
r· .......... . 
J ........... . 
K .......... . 
), .......... . 
M .......... . 
Volume of 
bulk butter 
manufactured 
(pounds) 
173,000 
302,000 
320,000 
374.000 
552,000 
624,000 
861,000 
892,000 
1,144,000 
1,970,000-
2,042,000 
2,896,000 
2,958,000 
Cost per pound 
til manufacture 
bulk butter 
(conts) 
8.10 
4.62 
4.77 
4.49 
4.71 
3.30 
4.01 
3.91 
4.00 
3.40 
3.00 
2.40 
2.44 
The curves are not fitted 
mathematically to the points. 
These sample plants show 
that between the outputs of 
1;2 million and 11,4 million 
pounds of butter, some over-
lapping is present. Plant E, 
a two-churn plant, produced 
552,000 p 0 u n d s of butter 
while Plant I, a one-churn 
plant, produced 1,144,000 
pounds of butter. 
. "Indicates on ... churn plants. 
Figure 1 shows a rapid de-
cline in costs for the one-
churn plants up to an annual 
production of 624,000 pounds of butter. This point is rep-
resented by Plant F with a cost of 3.30 cents per pound. 
Plants H and I, both one-churn plants, show higher costs 
than Plant F, even though they have a greater volume of 
production. In the two-churn plants the costs of manufac-
ture fall continuously with increasing volume from 4.71 
cents for Plant E down to 2.40 and 2.44 cents for Plants L 
and M respectively. 
12In terms of their processing facilities creameries tend to fall into two categories, 
Creameries with limited over·all facilities generally have only one churn. Creameries 
with more extensive processing facilities generally have two or, in some cases. three 
churns. For ease of discussion. the sample plants have been classified as either one-
or two-churn plants, based upon the number of churns available. 
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Fig. 1. Total unit costs to manufacture bulk butter in 13 sample plants. 
BUILDING AND EQUIPMENT 
The expenses included in building and equipment cost are 
depreciation, maintenance, and interest on investment. As 
previously pointed out, depreciation and maintenance costs 
are combined into one charge, and interest expense is calcu-
lated at the rate of 4 percent annually on the average in-
vestment. This method of applying standard rates to 'all 
plants results in equitable charges for space and equipment. 
Table 2 shows-building and equipment costs for the sam-
ple plants. The data are presented as total annual cost 
and cost per pound of bulk butter manufactured. 
Table 2 shows that the building cost per pound of butter 
manufactured decreases continuously as volume of produc-
tion increases. 
Plants A, B, C, D, F and H, all one-churn plants, have 
essentially the same space facilities. The annual building 
costs for these plants range from $1,466 to $1,756. These 
plants are so similar in building size that the decline in 
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TABLE 2. BUILDING AND EQUIPMENT COSTS AS TOTALS AND AS COST 
PER POUND OF BULK BUTTER MANUFACTURED IN 13 SAMPLE PLANTS. 
Building co,t Equipment cost 
Plant Cost per pound of Cost per pount! of 
Annual C"'t butter manufactured Annual cost butter manufactured 
(doll a",) (cents) \dollars) (cellts) 
A· ........... 1.657 0.96 2.535 1.46 
B· ........... 1.466 0.49 2.778 0.92 
C' ........... 1.535 0.48 3.280 1.03 
D· ........... 1.725 0.46 3.617 0.97 
E ............ 2,297 0.41 3.846 0.70 
F* ...... ..... 1,665 0.27 3,321 0.53 
G ............ 2.219 0.26 5,834 0.68 
H· ........... 1,756 0.20 4.301 0.48 
I' ........... 2,197 0.19 5.247 0.46 
J ............ 2.705 0.14 10.622 0.54 
K ............ 2.161 0.11 8,301 0.41 
t ............ 2.474 0.09 8.102 028 
M ........... 2,656 0.10 9.811 0.33 
*Indicates one-churn plants. 
building cost per pound of butter manufactured as shown 
by table 2 can be attributed to better utilization of build-
ing capacity. This decrease in cost amounts to a decline 
from 0.96 cent per pound for Plant A (173,000 pounds) to 
0.20 cent per pound for Plant H (892,000 pounds). 
Plant I, also a one-churn plant, produced 1,144,000 pounds 
of butter; it is considerably larger than the other one-churn 
creameries. It will be seen from table 2 that the annual 
building cost for Plant I is $2,197. The larger space re-
quirements for Plant I are mainly accounted for by in-
creased space allotted to administration, testing laboratory, 
pasteurizing and cooling (cream storage), and general plant 
(general dry storage) .13 Plants E, G, J, K, Land Mare 
two-churn plants. The annual building costs for these 
plants range from $2,163 to $2,856. Generaliy speaking, 
there is a marked consistency in the space requirements 
for two-churn plants. 
Equipment costs show much more variation than build-
in costS.14 A good example of this is shown in Plants A, 
B, C, D and F, all having one churn only. The investigation 
of these plants showed them to be similar in equipment 
capacity, with annual equipment cost varying from $2,535 
to $3,617. In these same plants, the equipment cost per 
pound of butter decreased from 1.{6 cents to 0.53 cent. 
This reduction. in cost is primarily due to a better utiliza-
"See Appendix G for complete allocation of building costs to each department. 
14.Differences in manufacturers' prices for such items as can washers, coolers, vats 
and churns of similar rating will cause some variation. Also, differences in prices for 
equipment exist between such items as vat pasteurizers and short-.timc pasteurizers; 
surface coolers and plate coolers; rotary can washers and straight-away Can washers. 
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tion of equipment capacity. The equipment capacities of 
Plants J, K, Land M were similar, but as a group they were 
distinctly different from the smaller plants. The equip-
ment cost per pound of butter decreased sharply up to an 
annual volume approximating 700,000 pounds of butter, 
and showed a lesser rate of decrease beyond this point. 
The unit cost figures for building and equipment indicate 
a continuous decrease with increasing production for all 
plants. The phase of increasing total unit cost for the one-
churn plants as shown from Plant F to Plant I in table 1 
is not explained by increases in building and equipment 
costs.lG 
LABOR· 
Labor costs for any plant vary with the wages paid each 
class of labor, the skills and capacities of each individual 
worker, and the manner in which the work is organized 
within the plant. In this analysis the use of standard wage 
rates for each class of labor has made the difference in 
labor costs a function of labor efficiency only; that is, the 
skills of each worker and the way in which the work was 
organized. 
Table 3 shows the labor cost per pound of bulk butter 
manufactured for each of the sample plants. It will be 
seen that the labor costs per TABLE 3. LABOR COSTS PER POUND 
OF BUTTER MANUFACTURED IN 13 pound range from 3.6 cents 
SAMPLE PLANTS. per pound for Plant A to 0.84 
Plant 
A· ........ .. 
BO .•........ 
C· ......... . 
D· ......... . 
E .......... . 
F" ......... . 
G .......... . 
ll* ......... . 
I· ......... .. 
J ........... . 
K .......... . 
L .......... . 
M ......... . 
Annual 
production of 
bulk butter 
(pounds) 
173,000 
302,000 
320,000 
374,000 
552,000 
624,000 
861,000 
892,000 
1,144,000 
1,9'70,000 
2,042,000 
2,896,000 
2,958,000 
I.abor co.t 
per pound of 
butter made 
\cents) 
3.60 
1.70 
1.65 
1.38 
1.93 
1.24 
1.53 
1.53 
1.72 
1.43 
1.35 
0.84 
0.94 
"Indicates one-churn plants. 
and 0.94 cent per pound for 
Plants Land M respectively. 
Figure 2 shows these data in 
graphic form. , 
With the exception of 
Plant E, which had an ex-
cess amount of labor for the 
amount of work done, the la-
bor cost per pound of butter 
decreased to 1.24 cents for 
Plant F (624,000 pounds). 
As volume of production in-
creased beyond this point, la-
bor cost increased approxi-
mately 0.5 cent per pound, 
reaching a high of 1.72 cents per pound for Plant I (1,--
144,000 pounds). At an annual- production of 2 mil-
lion pounds of butter, the labor costs decrease to approxi-
lOThis is consistent with theory in that average fixed costs would be expected to 
fall constantly for a series of like plants as volume of production is increased. 
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Fig. 2. Labor costs to manufacture bulk butter in 13 sample plants. 
mately 1.4 cents per pound. Plants Land M, producing 
almost 3 million pounds, had labor costs of 0.84 and 
0.94 cent per pound of butter, respectively. Plant F had 
the lowest labor cost of all one-churn plants per pound of 
butter manufactured (1.24 cents). The increase in labor 
costs for Plants G, H and I warrants some discussion here 
since these plants have a greater volume of production 
than does Plant F. Only the two largest plants, Land M, 
producing a little less than 3 million pounds of butter 
annually, had lower labor costs than those shown by Plant F. 
Plant F is operated by two men working on butter pro-
duction, plus a half-time office clerk. The plant labor con-
sists of one buttermaker-manager and one heJper. The 
duties of each man were well planned and each was kept 
busy approximately 8 hours daily in the flush season. The 
annual butter production of this plant was 624,000 pounds. 
The higher labor costs for plants operating between the 
range of 3)1. million pounds and 2 million pounds can be 
attributed to two major causes. 
First, there is a tenaency for work organization in these 
plants to be less efficient than in the smaller plants. This 
lowered efficiency can be explained by the fact that the em-
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ployees are generally assigned regular duties that do not 
always require their full attention and that may not result 
in a full work day. This is ,necessitated in part because' 
functions such as receiving, pasteurizing and churning tend 
to overlap, while in smaller plants these operations are car-
ried on at different' times. Such a condition results in the 
need of a work force sufficient to handle the peak load. 
This in turn results in an excess of idle labor at other times. 
Thus idle time, which is necessary to some extent in all 
creamery operations, has a tendency to become relatively 
more pronounced in these creameries. This is minimized 
in the largest creameries where specialized jobs approach 
a full day's work for most or all of the employees. 
A second source of added labor cost in creameries pro-
ducing more than 3/1• million pounds annually is that under 
normal conditions a plant of this size needs full-time man-
agement. This, of course, adds an amount to labor cost 
that is not present in the one- or two-man creamery. Plants 
H, I and L all had full-time managers, but in these plants 
the manager engaged in some plant work. Plants J, K 
and M had full-time managers who did not participate in 
plant work. In the instances where managers assisted in 
plant operations, they were always working at tasks that 
could be suspended at any time. In this way the manager 
was free to return to his managerial duties whenever neces-
sary. 
The added cost of a full-time manager falls heavily on 
plants that are just large enough to require specialized 
supervision, but not so large that this additional cost can 
be' spread over a large production volume. 
Plants B, C and D were operated by one full-time plant 
man, plus a half-time office clerk. These plants produced 
from 302,000 to 374,000 pounds of butter annually. Ob..: 
servation of the work in these plants indicated that this 
volume of production constituted a ,full day's work for one 
man. Plants A and E used two and three men respectively, 
and produced 173,000 and 552,000 pounds of butter annu-
ally. By contrast, these plants had an excess of labor. 
Labor costs are an important part of the total cost of 
manufacturing butter. They account for 35 to 45 percent 
of the total cost and can therefore greatly influence the 
cost of manufacturing butter. 
Only in a two-churn plant operating at a volume ap-
proaching 3 million pounds of butter annually is the labor 
cost lower than in a well organized one-churn plant as rep-
resented by Plant F. 
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FUEL AND ELECTRIC POWER 
For the sample plants, fuel and power costs were taken 
as found in each plant's finan,cial records. These costs show 
some irregularities as would be expected because of varia-
tions in boiler efficiency, fuel efficiency and electric power 
rates. Table 4 shows these costs for each plant. 
TABLE 4. COSTS OF FUEL AND ELECTRIC POWER PER POUND OF BULK 
BUTTER MANUFACTURED IN 13 SAMPLE PLANTS. 
Plant 
A .............. . 
B ............ .. 
C .............. . 
D ............. . 
E .............. . 
F .............. . 
G ............ .. 
n ............. . 
1. ............ .. 
J .............. . 
K ............. . 
L .............. . 
M ............. . 
Annual production 
of butter (pounds) 
173,000 
302,000 
320,000 
374,000 
552,000 
624,000 
861,000 
&92,000 
1,144,000 
1,970,000 
2,042,000 
2,696,000 
2,958,000 
Fuel cost 
per pound 
(ccnts) 
0.24 
0.26 
0.12 
0.17 
0.28 
0.14 
0.27 
0.17 
0.24 
0.19 
0.15 
0.12 
0.13 
MATERIALS USED IN PROCESSING 
Electric power 
cost per pound 
(cent") 
0.21 
0.15 
0.09 
0.21 
0.10 
0.06 
0.17 
0.12 
0.12 
0.09 
0.15 
0.12 
0.12 
Materials used in processing includes ingredients that 
are actually incorporated into the product. This classifica-
tion includes salt, neutralizer, butter color and flavor sub-
stances. The cost of materials used in processing shows 
a high degree of consistency from plant to plant with little 
variation other than a general tendency for these costs· to 
decrease as volume of production increases. This decrease 
in cost can be attributed to economies of purchasing mate-
rials in larger quantities. The costs of the materials used 
in processing are shown in table 5. 
PACKAGING MATERIALS 
The costs for these plants have been adjusted to show 
the entire output of each creamery as sold in the form of 
bulk butter. For all the plants studied, bulk butter ship-
ments were put up in fiber boxes with vegetable parchment 
liners. The size of boxes ranged from 60 to 65 pounds of 
butter each. The cost of packaging materials includes costs 
for fiber boxes, parchment liners, and glued tape to assem-
ble and seal the containers. 
The cost of packaging materials shows but little variation 
between plants. In this case there is no evidence of lowered 
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TABLE 5. COSTS OF MATERIALS USED IN PROCESSING AND PACKAGING 
MATERIALS PER POUND OF BULK BUTTER MANUFACTURED 
IN 13 SAMPLE PLANTS. 
Coat per pound or Coat of packaging 
Plant Annual production butter for materials materials per pound 
of butter used in proce<lSing of butter (pound.) (cent.) (cents) 
A ............... 173,000 0.11 0.36 
B ............... 302,000 0.10 0.30 
C ............... 320,000 0.10 0.33 
D .............. 374,000 0.11 0.29 
E ............... 552,000 0.06 0.38 
F ............... 624,000 0.08 0.25 
G .............. 861,000 0.07 0.35 
R .............. 892,000 0.09 0.30 
I. .............. 1,144,000 0.07 0.29 
J ............... 1,970,000 0.06 0.35 
K .............. 2,042,000 0.06 0.35 
r. ........... " .. 2,896,000 0.06 0.31 
M .............. 2.958,000 0.08 0.30 
costs as plants increase in size. Costs of packaging ma-
terials are also shown for each sample plant in table 5. 
INSURANCE AND TAXES 
Insurance, local property taxes and payroll taxes have 
been computed for each plant, using standard rates. These 
rates were discussed in the section on methods of analysis. 
The unit costs of both insurance and local taxes show con-
siderable decrease as production of butter increases. In-
surance costs range from 0.16 cent per pound for Plant A 
to 0.02 cent per pound for Plant M. Local taxes range 
from 0.41 cent per pound for Plant A to 0.05 cent per pound 
for Plant L. These costs are shown for each plant in table 6. 
TABLE 6. COST OF INSURANCE. LOCAL PROPERTY TAXES AND PAYROLL 
TAXES PER POUND OF BULK BUTTER MANUFACTURED 
IN 13 SAMPLE PLANTS. 
Annual production Insurance cost Local tax cost Payroll tax cost 
Plant of hutter per pound per pound per pound (pounds) (cents) (cents) (cent~) 
A ............ 173.000 0.16 0.41 O.W 
B ............ 302.000 0.09 0.22 0.03 
C ............ 320.000 0.09 0.23 0.03 
D ............ 374.000 0.09 0.22 0.03 
E. ........... 552,000 0.07 0.18 0.04 
F ............ 624.000 0.05 0.13 0.02 
G ............ 861,000 0.05 0.13 0.03 
H ............ 892,000 0.04 . '0.11 0.03 
I. ........... 1.144,000 0.04 0.10 0.03 
J ............ 1,970,000 0.04 0.11 0.03 
K .•.......... 2,042,000 0.03 0.08 0.03 
I, ............ 2,896,000 0.02 0.05 0.02 
M ........... 2,958,000 0.02 0.06 0.02 
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GENERAL PLANT SUPPLIES, OFFICE SUPPLIES AND BANK 
CHARGES, AND GENERAL ADMINISTRATIVE EXPENSE 
General plant supplies include those it.ems used in cream-
ery operation that are not chargeable to anyone operation. 
In general this classification includes the cost of washing 
powders, cleaning compounds, brushes, brooms, mops, boiler 
supplies and such items as are needed to maintain the plant. 
Office supplies .and bank charges have been grouped into 
another category. General administrative expense includes 
I communication costs, professional services purchased, fees, 
dues, subscriptions, donations and miscellaneous expenses 
of administrative nature. These costs were taken from the 
financial records of each plant. 
The costs shown in ta'bles 2, 3, 4, 5, 6 and 7, presented in 
terms of cents per pound of bulk butter manufactured, are 
a breakdown of the total cost of manufacturing butter as 
shown in table 1 and fig. 1. In general, it appears that 
the costs of labor and equipment account for the phase of 
increasing unit cost shown in fig. 1. 
The costs of fuel, power, building, insurance and prop-
erty taxes show a tendency to decrease as volume of pro-
duction increases .. 
. The costs of materials used in processing, packaging ma-
terials, general plant supplies, office supplies and bank 
charges, and general administrative expense either remain 
constant with increasing volume or bear no particular re-
lationship to volume. 
TABLE 7. COST OF GENERAL PLANT SUPPLIES, OFFICE SUPPLIES AND 
BANK CHARGES. AND GENERAL ADMINISTRATIVE EXPENSE PER 
POUND OF BULK BUTTER MANUFACTURED IN 
13 SAMPLE PLANTS. 
Cost of gener"l Cost of office Cost of general 
Plant Annual production plant supplies supplies and bank administrative 
of butter per pound cbarges per Jlound e~pens. per pound (pounds) (cents) (cents) (cents) 
A ............ 173.000 0.19 0.02 0.33 
B ............ 302.000 0.08 0.03 0.19 
C ............ 320.000 0.15 0.03 0.34 
D ............ 374.000 0.21 0.09 0.25 
E ............ 552.000 0.20 0.05 0,31 
F ............ 624,000 0.11 0.06 0.30 
0 ............ £61,000 0.27 0.06 0.14 
H ............ 892.000 0.33 0.16 0.33 
I. ........... 1.144,000 0.33 0.08 0.33 
J ............ 1,970,000 0.26 0.04 0.15 
K ............ 2,042,000 0.11 0.03 0.15 
L ............ 2,896,000 0.20 0.05 0.24 
M ........... 2,958,000 0.14 0.06 0.15 
. 
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TABLE 8. DEPARTMENTAL COSTS OF MANUFACTURING BULK BUTTER IN 
13 SAMPLE PLANTS. 
Annual pro- I I Plant duotion of Adminis- I Reoeiving I Pasteurizing I General Total bulk butter tration and testing and cooling Churning plant cost 
Pounds Cents per pound 
A· ..... 173.000 1.17 1.16 1.52 2.29 1.98 8.12 
B· ..... 302.000 1.09 0.59 0.66 1.41 1.37 4.62 
C· ..... 320.000 1.06 0.63 0.63 1.24 1.21 4.77 
D· ..... 374,000 0.92 0.53 0.57 1.19 1.28 4.49 
E ...... 552,000 0.97 0.56 0.62 1.46 1.10 4.71 
F· ..... 624,OCO 0.78 0.38 0.44 0.98 0.72 3.30 
G ...... 861,OCO 0.74 0.50 0.47 1.13 1.17 4.01 
n· ..... . 892.000 1.02 0.56 0.44 0.96 0.93 3.91 
I· ..... 1.144,000 1.09 0.55 0.33 0.88 1.15 4.00 
J ...... 1,970,000 0.58 0.55 0.41 0.91 0.85 3.40 
K ...... 2,042.000 0.65 0.52 0.35 0.87 0.61 3.00 
L ...... 2.896,000 0.55 0.29 0.21 0.70 0.66 2.40 
111.. ... 2,958,000 0.53 0.41 0.19 0.73 0.58 2.44 
'Indicates one-churn plants. 
DEPARTMENTAL COSTS 
A complete allocation of the primary costs to departments 
within the plant will be found in Appendix G. Table 8 sum-
marizes this allocation. 
As has been pointed out, these allocations have been made 
in a manner that minimizes arbitrary judgments. Thus 
the general plant department contains the bulk of inter-
mediate costs such as steam, power, and refrigeration, and 
carries a sizable portion of the total. costs for the entire 
plant. 
The costs of administration decrease as volume of pro-
duction increases up to a production of % million pounds. 
The higher administrative costs shown for Plants H and I 
can be attributed mainly to the cost of a full-time manager. 
Administrative costs per pound of butter increased from 
about % cent to about 1 cent per pound when it became 
necessary to employ a full-time manager. As production 
increases, the effect of this additional cost decreases and 
at the 3-million-pound level administrative costs are ap-
proximately 1;2 cent per pound. . 
Except for the smallest and largest plants, cream receiv-
ing and testing costs show a tendency to be constant with 
increasing volume. Due to low volume, Plant A, with an 
annual production of 173,000 pounds, had high costs in all 
departments. For receiving and testing these costs were 
1.16 cents per pound. Plants Land M had low costs, largely 
due to the fact that their large volumes permitted efficient 
utilization of equipment and a full-time receiving crew. 
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Plant F also had low receiving and testing costs because a 
well-scheduled receiving operation permitted receipt of a 
large volume of cream in a short time. 
Pasteurizing and cooling costs decrease constantly as 
volume of production is increased. These costs range from 
a high of 1.52 cents per pound of butter manufactured for 
Plant A to a low of 0.19 cent for Plant M. The relative de-
crease in costs as volume of production is increased is 
greater for pasteurizing and cooling than for any other 
department. 
Churning costs include both the cost of churning cream 
into butter and of packaging it from the churn into bulk 
containers for wholesale. Ten of the 13 sample plants show 
churning as the departmental operation with the highest 
cost. 
Figure 3 shows the churning costs for the sample plants. 
It will be noted that in respect to these costs, considerable 
distinction can be made between the one- and two-churn 
plants. There is no increase in costs for the -one-churn 
plants as they reach their upper production limit. Between 
the production volumes of 1h million pounds and 1 mil-
lion pounds, the one-churn plants show lower churning costs 
than the two-churn plants. 
General plant costs are a large portion of the total costs 
for all plants in the sam'ple. Considerable variance is shown 
in the costs of general plant space and facilities. These costs 
range from approximately 2.0 cents to 0.6 cent per pound 
of butter produced annually. Most of this variance is due 
to ,general plant space and equipment. Plants that are well 
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Fig. 3. Churning costs to manufacture bulk butter In 13 sample plants. 
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, 
adjusted in terms of production to storage space, boiler and 
refrigeration capacity show much lower costs than those 
that have excess capacity in this respect. In spite of this 
variation general plant costs tended to decrease with in-
creased production. . 
B. HYPOTHETICAL PLANTS 
Several items were standardized in the sample plants 
studied and discussed in the preceding section. These items 
(in each creamery) included the costs of the building and 
equipment being used and the wage rates of the working 
force employed. However, plants retained their individual 
identities in that the amount of butter made, the size of 
each building, the equipment used, and the working force 
employed were not changed. All these, with the possible 
exception of the amount of butter made, could be classified 
as under the control of the management. As a result, these 
items may not represent the requirements of a typical 
creamery but may be due to conditions peculiar to that 
plant alone. 
In order to eliminate individual variations, hypothetical 
plants have been constructed in which all factors affecting 
cost have been standardized. This standardization elim-
inates all variables between plants· that are not due to out-
put volume. 
The first item to be standardized is the amount of butter 
made. Six hypothetical plants were developed for produc-
tions of 1, 2, 3, 4, 6 and 8 full churnings per day in the peak 
season. To determine the annual productions of each of the 
creameries, the following assumptions were made: ' . 
1) Each full churning produces 1,800 pounds of butter. 
2) During the peak month the equivalent of 22 full days' 
churnings is produced. This is not intended to mean that 
churning is done only 22 days during the month, but allows 
for the fact that more cream is normally received during 
the first part of each week than during the latter part of 
each week. 
3)· The peak month's production represents 11 percent 
of the annual production. 
Based on these assumptions, the six hypothetical plants 
have volumes ranging from 360,000 to 2,880,000 pounds of 
butter per year. 
The necessary equipment was assigned to each· of the 
plants, and a building layout was developed that would ade-
quately house the equipment and allow room to carryon 
the operations. Standardized costs, as discussed in the sec-
tion on methods, were then assigned to the building and 
equipment. Complete listings of all equipment and the cost 
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assigned to each piece of equipment may be found in Ap-
pendix H. A floor plan of each building may be found in 
Appendix I. 
The l,abor necessary for peak production in each of the 
plants was determined, and standardized labor costs were 
assigned to each plant. To determine the labor requirements, 
time standards were established based on observations in 
the sample plants. These time standards covered churning, 
pasteurizing, receiving and testing operations, including 
cleaning of the equipment and plant. A complete listing 
of these time standards may be found in Appendix J. 
The work organization for each plant was worked out in 
detail. Specific tasks were assigned to each man. In no 
case was anyone required to work longer than an 8-hour 
day; in every plant some people were assigned regular 
duties requiring less than an 8-hour day, allowing time for 
such irregular operations as shipping butter, receiving sup-
plies, etc. 
Costs for all other items were standardized for all plants. 
These standards represented selected values based on ob-
servations in the sample plants. . 
Certain basic assumptions were made in order to develop 
the time required for each function in the plant. These as-
sumptions were: 
1) Average weight of cream per producer=65 pounds for 
the largest shipment. 
2) Average weight of cream per can=50 pounds for the 
largest shipment. 
3) Average cans per load=45. . 
4) Average butterfat test=32.5 percent. 
5) Average overrun=23 percent. 
6) Daily testing of each cream sample. 
Before discussing the results obtained, it should be 
pointed out that these hypothetical plants were designed to 
show the costs that might be achieved under the stated con-
ditions. One of these conditions is that the production is 
predetermined, and the plant designed to handle this pro-
duction. This condition might be difficult to approximate 
in an actual situation. 
In addition to this, the work has been organized as ef-
ficiently as deemed plausible, and the receiving times have 
been scheduled to avoid excessive waiting periods between 
loads. At the same time, the time standards are considered 
to be reasonable, and no person is scheduled to work longer 
than an 8-hour day. In addition, idle time is available for 
any emergencies that might arise. Any variance, however, 
in the average butterfat test of the incoming cream or the 
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weight of the average shipment would cause some variation 
in the receiving and testing times. 
In summary, the costs developed represent costs that 
could reasonably be achieved under the stated conditions, 
allowing for adequate equipment and without making ex-
cessive demands on the working force or deviating from 
sound standards of quality and cleanliness. 
Table 9 shows the annual production for each of the six 
plants and the costs of manufacturing bulk butter in cents 
per pound. The data in table 9 are shown graphically in 
fig. 4. 
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TABLE 9. VOLUME OF OUTPUT AND 
MANUFACTURING COST OF BULK 
BUTTER FOR SIX HYPOTHETICAL 
CREAMERIES 
Volume-of Cost per pound 
Plant bulk butter to manufacture 
manufactured bulk butler (pounds) (cents) 
I 360,000 4.77 
·11 720,000 3.52 
III 1,080,000 3.56 
IV 1,440,000 3.55 
VI 2,160,000 3.26 
VIIl 2,880,000 2.96 
0 0 0 
0 
0 
O~~~~~~I __ ~~ __ ~_~I-L __ L-~~ 
o I 2 3 
ANNUAL BUTTER PRODUCTION 
(Millions of Pound s) 
Fill'. 4, Total unit costs to manufacture bulk butter In six hypothetical plants. 
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TABLE 10. PRIMARY COSTS FOR 
PLANT I IN CENTS PER POUND. 
(Annual production-3GO,OOO pounds.) 
Labor ....................... . 
Fuel. ....................... . 
Eleetrio power ................ . 
Materials used in prooeRS ...... . 
Packaging materials ••.....•.... 
Building cost ................. . 
Equipment cost .............. . 
Insurance .................... . 
Local taxes .................. . 
Payroll tax ................... . 
General plant euppli", ......... . 
Office supplies and bank charg .. . 
General administrative expensa .. 
·fot.1 cost per pound ...••.... 
1.50 
0.28 
0.13 
0.07 
0.32 
0.47 
1.08 
0.09 
0.24 
0.03 
0.19 
0.05 
0.32 
4.11 
Plant I, with a production 
of 360,000 pounds of butter 
per year, has a unit cost of 
4.77 cents per pound. This 
plant has one churn, and pro-
duces one churning per day 
during the' peak season. Ex-
cept for a half-time book-
keeper, the buttermaker-
manager represents the en-
tire labor force. 
Figure 5 (p. 822) shows 
the Plant I work organiza-
tion. The buttermaker-manager works about 7th hours dur-
ing the day, without any allowance for irregular jobs such as 
shipping butter, receiving supplies, etc. There is no time al-
lowance for managerial duties. This results in a fairly long 
working day for the buttermaker-manager during the peak 
season. Nor is anyone available to carryon in the absence 
of the buttermaker. This plant is typical, however, of the 
three sample plants found in this volume range. 
Table 10 shows the primary costs in cents per pound of 
butter manufactured for Plant 1. 
TABLE 11. PRIMARY COSTS FOR 
PLANT II IN CENTS PER POUND. 
(Annual production-720,OOO pounds.) 
Labor •••••....•••.......•.••• 
Fue!. ........................ . 
Electric power ............... .. 
Materials used in proc ......... . 
Packaging materials ......•.•... 
Building cost ................. . 
Equipment cost .............. .. 
Insurance .................... . 
Local taxes .................. . 
Payroll tax ................... . 
General plant .upplies ....•••... 
Office supplies and bank charges. 
General administrative expense .. 
Total cost per pound .......•. 
1.24 
0.21 
0.13 
0.07 
0.32 
0.24 
0.63 
0.05 
0.13 
0.02 
0.19 
0.05 
0.24 
3.52 
Plant II, with a production 
of 720,000 pounds of butter 
per year, has a unit cost of 
3.52 cents per pound. This is 
a reduction in cost of 1.25 
cents per pound from Plant I 
to Plant II. Plant II has one 
churn, and produces two 
churnihgs per day during the 
peak season. The labor force 
consists of the buttermaker-
manager, one helper, one 
half-time cream tester and 
one half-time bookkeeper. 
Figure 6 shows the work organization for this plant. In 
this case the helper works a 7-hour day, including some free 
time. This leaves considerable time available for miscel-
laneous duties. The buttermaker is actually 'busy for ap-
819 
proximately 5 hours, as tending the cooling of cream in the 
vat makes very little demand upon his time. This allows· 
some time for managerial duties. In the absence of one 
man, the other could turn out two churnings by working 
approximately a 10-hour day. 
Table 11 shows the primary costs in cents per pound of 
butter manufactured for Plant II. 
TABLE 12. PRIMARY COSTS FOR Plant III, with a produc-
PLANT III IN CENTS PER POUND. t' f 1 080 000 d f (Annual production-I,080,OOO pounds.) IOn a , , po un s a 
butter per year, has a unit 
Labor ....................... . 
Fuel .......................... . 
Electrio power ................ . 
Materials used in process ...... . 
Packaging materials .••......... 
Building cost ................. . 
Equipment cost. .......... '... . 
Insurance .................... . 
Local taxes .................. . 
Payroll taxes.. . .. . .. .. • .. .. . . . , 
General plant supplies ......... . 
Office supplies and bank charges. 
General administrative expense .. 
Tolal cost per pound ........ . 
1.42 
0.17 
0.13 
0.07 
0.32 
0.22 
0.59 
0.04 
0.12 
0.0'3 
0.19 
0.05 
0.21 
3.56 
cost of 3.56 cents per pound. 
This is an increase in cost of 
0.04 cent per pound from 
Plant II to Plant III. Plant 
III has two churns, and pro-
duces three churnings per 
day during the peak season. 
The labor force consists of a 
manager, one buttermaker, 
two helpers and one full-
time bookkeeper. 
The chief reason for the relatively constant costs from 
Plant II to Plant III lies in an increased labor cost and a 
very small decrease in equipment cost. The employment of 
a manager essentially free from plant duties is largely re-
sponsible for the increase in labor cost. Field observations 
indicated that in this size of plant the work organization 
became less efficient when buttermaking and management 
duties were performed by the same person, and the over-
all labor cost was not decreased. The relatively small de-
crease in equipment cost per pound of butter made is due 
to substantial additions of equipment from Plant II to 
Plant III. 
One of the larger items of additional equipment is an-
other churn. This second churn is necessary if churning is 
to be completed before receiving begins. Reference to fig. 7, 
showing the work organization for Plant III, will make it 
clear that additional help would be required if these opera-
tions were allowed to overlap. 
Table 12 shows the primary costs in cents per pound of 
butter manufactured for Plant III. 
820 
TABLE 13. PRIMARY COSTS FOR 
PLANT IV IN CENTS PER POUND. 
(Annual proouction-l,440,OOO pounds.) 
I,abor ....................... . 
Fuel.. ....................... . 
Electric power ................ . 
Materials used in prcces. •....... 
Packaging materials ........... . 
Building .o..t ................. . 
Equipment cost .............. . 
Insurance .... ..... , .......... . 
Local taxes .................. . 
Payroll taxcs ................. . 
General plant supplies ......... . 
Office supplies and bank charges. 
General administrative expense •. 
Total cost per pound ........ . 
1.51 
0.16 
0.13 
0.07 
0.32 
0.20 
0.54 
0.04 
0.11 
0.03 
0.19 
0.00 
0.20 
3.55 
Plant IV, with a. produc-
tion of 1,440,000 pounds of 
butter per year, has a unit 
cost of 3.55 cents per pound. 
This is a decrease in cost of 
0.01 cent per pound from 
Plant III to Plant IV. Plant 
IV has two churns and pro-
duces four churnings per 
day during the peak season. 
The labor force consists of 
a manager, one buttermaker, 
three helpers, one cream test-
er, and one full-time and one 
half-time bookkeeper. In ad-
dition, one-third of the cost of an engineer in charge of the 
boiler and drying operations is charged to general plant.lu 
In this plant the manager does not perform any plant duties. 
l'-'igure 8 shows the work organization for this plant., 
Virtually all primary costs increase proportionately with 
volume from Plant III to Plant IV, thereby explaining the 
constant unit cost. Table 13 shows the primary costs in cents 
per pound of butter manufactured for Plant IV. 
TABLE 14. PRIMARY COSTS FOR 
PLANT VI IN CENTS PER POUND. 
(Annual production-2,160,OOO pounds.) 
I,abor ...................... .. 
Fuel. ....................... . 
Electric power ................ . 
Materials uscd in process ...... . 
Packaging materials ........... . 
Building cost ................. . 
Equipment cost .............. . 
Insurance ..•................. . 
Local taxes .................. . 
Payroll t.xes ................. . 
a.ncral plant supplies ......... . 
Office supplies and bank charges. 
General administrative expense .. 
Total cost per pound ........ . 
1.32 
0.15 
0.12 
0.07 
0.32 
0.18 
0.50 
0.04 
0.10 
0.03 
0.19 
0.05 
0.19 
3.26 
Plant VI, with a produc-
tion of 2,100,000 pounds of 
butter per year, has a unit 
cost of 3.26 cents per pound. 
This is a decrease in cost of 
0.29 cent per pound from 
Plant IV to Plant VI. The 
largest single item in this de-
crease is the decrease in 
labor cost of 0.18 cent per 
pound. In general, the vol-
ume of this plant is large 
enough to permit full-time 
crews on each operation. 
The labor force consists of a manager, two buttermakers, 
four helpers, one cream tester, two bookkeepers and one-
third of the cost of an engineer. Figure 9 shows the work 
organization for this plant. 
lOIt WaS observed that in plants producing tbis volume of butter or more, buttermilk 
waS disposed of as dried or condensed buttermilk. One man is usually employed to tend 
the drying equipment and to serve as plant engineer. It is estimated that two-thirds 
of this man's labor can be attributed to the drying operation and one-third to other 
plant operations. 
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Plant VI has two churns and produces six churnings per 
day during the peak season. Table 14 shows the primary 
costs in . cents per pound of butter manufactured for 
Plant VI. 
TABLE 15. PRIMARY COSTS FOR 
PLANT VIII IN CENTS PER POUND. 
(Annual pruduction-2,880,OOO pounds.) 
Labor ....................... . 
Fuel.. ....................... . 
Electric power ................ . 
Material, used in process ..•••.. 
Packaging materials ..•......•.. 
Building co.t ................. . 
Equipll,lent cost .............. . 
Insurance .... ................ . 
Local taxes .................. . 
Payroll taxes ................. . 
General plant supplies .•......•• 
Office supplies and bank charges. 
General administrative expense •. 
Tobl cost per pound •....•••. 
1.20 
0.14 
0.12 
0.07 
0.32 
0.14 
0.40 
0.03 
0.09 
0.02 
0.19 
0.05 
0.19 
2.96 
Plant VIII, with a produc-
tion of 2,880,000 pounds of 
butter per year, has a unit 
cost of 2.96 cents per pound. 
This is a decrease in cost of 
0.30 cent per pound from 
Plant VI to Plant VIII. The 
two largest items in this de-
crease are the decrease in 
labor cost of 0.12 cent per 
pound and the decrease in 
equipment cost of 0.10 cent 
per pound. 
The working force consists of a manager, two butter-
makers, six helpers, two bookkeepers, one full-time and one 
half-time tester, and one-third of the cost of an engineer. 
Figure 10 shows the work organization for this plant. 
Plant VIII has three churns and produces eight churn-
ings per day during the peak season. Table 15 shows pri-
mary costs in cents .per pound of butter manufactured for 
Plant VIII. 
C. COMPARISON OF RESULTS FROM SAMPLE PLANTS AND 
HYPOTHETICAL PLANTS 
The results obtained from the six hypothetical plants 
showed marked similarity to the results obtained from the 
13 sample plants. In the case of the sample plants, rising 
total unit costs were encountered between annual produc-
tions of %t, million and 11;2 million pounds. In the hypotheti-
cal plants, this volume range showed constant rather than 
increasing costs. Both of these results indicate that it is 
difficult, if not impossible, to achieve cost reductions in 
this range. 
Total unit costs of both the sample plants and the hypo-
thetical plants are illustrated graphically in fig. 11. 
The manufacturing cost for hypothetical Plant VIII 
is approximately 0.5 cent higher per pound of butter made 
(Continued on page 834) 
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Fig. 5. Work organization Plaut I (annual production-360,OOO pounds). 
Time Buttermaker Time Butterrnak~.r 
7:00 A.M. 11:30 A.M. 
--Rinse churn 
-
- Attend boiler -
-
-
- Make boxes 
-
7:30 A.M. -
- Clean receiving room 
12:00 M. -
--
--
-
- Clean vat -
-
-
-
-
8:00 - Line boxes 12:30 P.M. 
-
--
--
-
-
-
- Busy on churning -
-
-
- Idle 1 hour 
8:30 - Idle 15 min. 1:00 
- Eat 
--
--
-. 
-
-
-
- Bosy on churning -
-
9:00 1:30 
-
--
--
-
-
- Tub butter -
-
-
-
- Test cream 
9:30 - Woigh butter 2:00 
-
--
--
-
-
-
-
-
- Clean churn -
10:00 - Prepare receiving room 2:30 
'- Wash tost bottles 
-
-
-
-
-
-
- General plant cleanup 
10:30 - 3:00 
-
--
-- Receiving 
-
-
- Make records 
-
-
- A !tend boiler 
11:00 - 3:30 
-' 
--
-
-
- Acidity test 
-
Time Buttermaker 
5:00 A.M._ 
-
-
-. 
-
5:30 -
-
-
-
-
-
6:00 -
-
-
-
-
-
6:30 -
-
- Busyon 
= churning 
7:00 
- Tub butter 
= Weigh butter 
7:30 - Makeboxes 
--
----
- Line hoxea 
.-
- Idle 20 min. 
Fig. 6. Work organization. Plant II (Annual production-720.000 pounds). 
I 
Helper Tester Tune Buttermaker Helper Tester Tim. Buttermaker 
8:00 A.M._ 11:00 A.M._ 
Rinse'churn 
Attend hoiler 
- Receiving 
- Busyon -
.' 
- churning Idle 65 min. -
Makeboxea 
8:30 - Idle 15 min. Eat 11:30 - Acidity t .. t 
Clean vat - -
- Busyon -
= churning -
-
Line b01CS 9:00 - Tub butter Tub butter 12:00 
- Tend 
- pasteurizing 
= Weigh butter Weigh butter Busy on --
churning Busycleao- -
9:30 - ingchurn 12:30 P.M. -
IdI.SS min. - Idle 40 min. 
- Eat -
- Idle 20 min. -
- -
-
- Pr.el/ar. re-
10:00 - 1:00 - Idle 1 hour cetVlng room 
- Eat Tub butter 
-
-
Weigh butter -
-
-
-
-
10:30 - 1:30 
-
Clean vat - -
= Receiving Receiving -
-
= Make records 
-
-
-
2:00 
- Attend hoiler 
Helper 
Receiving 
C1eanre-
ceiving room 
General plant 
eleanup 
Tester 
----
Teat 
cream 
----
Wash test 
hottles 
---
00 
1.'13 
c,.:a 
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Fig. 7. Work organization, Plant III (Annual production-l,080,OOO pounds). 
Time Bultermaker Helper No.1 Helper No.2 Manager 
5:00 A.M. 
Rin •• churn 
Attend boiler 
-
.. 
- Make box .. 
-
5:30 - Line boxes 
--
Clean vat 
- , 
- Idle 25 min. 
-
6:00 - Make boxes 
Rinse churn 
IJine boxes 
- Busy on churning 
- Idle 5 min. 
6:30 - Idle 15 min. 
--
- Clean vat 
- Busy on 
- churning 
-
7:00 
..Idle 5 min. __ 
-- Tub butter Tub butter 
-
- Busy on Weigh butter 
- churning and 
- weighing butter ---------
7:30 -
--
Idle 35 min. 
- Busy on 
- churning 
-
8:00 
-- Idle 10 min. Tub butter Tub butter 
-
-
Busy churning Weigh butter Weigh butter 
8:30 - Idle 15 min. Mak.boxes 
--
Lin. boxes Clean vat 
-
- Busy churning -------
- Idlo 10 min. Idle 5 min. 
9:00 
-- Tub butter Tub butter ---------
-
-
- Weigh butter 
- Idle 65 miD. Idle 55 min. 
. 
9:30 - Eat Eat 
-- ---------
- Manager largely 
- Idle 20 min. freo from 
- plant dUlies 
-
10:00 -
Prepa~e. 
recrnvlDg room 
-
- Tend pasteurizing 
-
Receiving Receiving 
-
-
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Fig. 7. (Continued) • 
. 
Time Buttermaker Helper No.1 Helper No.2 Manager 
10:30 A.M. 
-
-
-
-
-
lUX! -
-
-
- General plant Manager largely 
- cleanup Receiving Receiving free from 
- plant duties 
11:30 -
-
-
-
-
-
12:00 - Clean churns 
--
-
-
-
-
12:30 P.M. -
-- Idle 55 min. Idle 1 bour 
- Clean receiving Eat Eat 
- rOom 
-
-
1:00 -
-
-
-
-
- 1:30 -
--
-
- Test cream Test cream and 
-
-
tend pa9teurizing 
2:00 -
--
-
-
-
-
2:30 -
--
-
- Wash 
- test bottles 
- Make records 
3:00 -
-
-
-
General plant 
cleanup 
- Attend boUer 
-
3:30 -
--
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Fig 8 Work organization Plant IV (Annual production-l 440000 pounds). 
Time Buttermaker Helper No.1 Helper No.2 Helper No.3 
5:00 A.M._ 
5:30 
. 6:00 
6:30 
7:00 
7:30 
8:00 
8:30 
9:00 
9:30 
10:00 
10:30 
Rinse thurn 
Make boxes 
Line boxes 
Make boxes 
Line boxes 
Idle 5 min. 
Rinsee~ 
Busy churning 
Idle 15 min. 
= Makebo~ 
Busy churning 
Idle 10 min. 
Tub butter Tub butter _I--''':~_==-_I-=",-",=::c......-1 
- Busy churning Weigh butter 
- and weighing 
- butter 
-~+ ______ I Line boxes 
= Busy churniog Idle 15 min. 
-= Tub but~ Tub butter 
= Busy churning 
and weighing Weigh butter 
- butter 
------- 
- Busy ch~rning Idle 30 min. 
_-_ ---------I-----------I-Pr~e~p~~~e-r~e~---I-~P~re-p-a-re-re---
Tub butter Tub butter eeiving room ceiving room 
_ ------I-----I-:=:!!L:='--I 
- Bu.y churning 
- and weighing 
- butter 
Weigh butter 
- _-= 11-------- .-:M:_=a.k:::e::..b",o",x:::es'-_I Idle 55 min. 
Line boxes 
= Busy churning 
_11 _____ ·_2~~~~ 
Clean storage 
vat 
Idle 25 min. 
-= _T:.;u:.b,:.,:b",u",tt",e:..r _+.:Tub butter 1------1------
- W cigh butter 
- and tend Weigh butter = ...,pasteurizing _______ _ 
- Tend pas-
- teurizing and 
- clean chuDll! 
Idle 1 hour 
Eat 
Receiving Receiving 
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Fig 8 (Continued) 
Time Buttermaker Helpcr~o.l Helper No. 2 Helper No. 3 
11:00 
--
Tend pas- Idle 1 hour 
teurizlng and Eat 
- clean churns 
-
-
-
11:30 
-
-
-
-
- Idle 1 hour Tend 
12:00 - Eat pasteurizing 
-- Receiving Receiving 
-
-
-
-
12:30 P.M._ 
-
-
-
-
1:00 - Idle 65 min. 
-
-
General plant 
-
-
-
1:30 -
-
- Tend Idle 1 hour Idle 1 hour 
- pasteurizing Eat Eat 
-
-
2:00 -
-
-
-
-
-
2:30 -
-
-
-
-
------
'3:00 - Clean receiving Clean three 
-
room vats 
-
-
-
-
3:30 -
-
-
-
-
- Clean pipes Clean plate 
4:00 - cooler 
-
-
-
-
-
4:30 - General plant General plan\ 
- cleanup cleanup 
-
-
-
-
5:00 -
-
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Fig. 9. Work orll'anization, Pla.nt VI (Annual production-2,160,OOO pounds). 
Bultermaker Bultermaker 
Time No.1 Helper No.1 Helper No. 2 No.2 H~lperNo.3 Helper No. 4 
5:00 A.M._ 
Rinse churn 
-
- Idle 15 min. 
-
5:30 - Make boxes 
- Line boxes 
-
- Idle 15 min. 
6:00 -
- Rinse.hurn 
- Busy 
- churning 
6:30 - Idle 15 min. 
-
-----
-
- Busy 
- churning 
7:00 
-- Idle 10 min. Tub butter Tub butler 
- Busy Weigh butter W cigh butter 
- oliurning 
7:30 - Idle 15 min. Mako boxes Makoboxes 
-
----- Line boxes Line boxes 
-
- Busy 
- churning Idle 10 min. Idle 10 min. 
8:00 -
-- Jdlo10 min. Tub butter Tub butter 
- Busy W cigh butter Weigh butter 
- churning 
8:30 - Idle 15 min. Line boxes Make boxes 
-
- Busy Jdle25 min. 
- churning Idle 20 min. 
-
9:00 
-
Tub butter Tub butter Idle 5 min. ~eJ!6re re- PJ:eJ!6r8 reo 
celvmg room eelViog room 
- Weigh butter Weigh butter Bu.'!)' 
- churning Assemble 
- pipes 
9:30 - Idle 70 min. Make boxes Idlo1S min. Clean storage 
-- Eat vat 
- Line boxes Jdle40 min. 
- Idle 35 min. 
- Busy 
- Idle 10 min. churning Idle 20 miD. 
10:00 -
- Tub butter Tub butter 
-
- Weigh butter W oigh butter 
- and busy a.nd tend 
10:30 - churning Idle 50 min. pasteurizing 
-- Eat 
-
- Busy Tend Receiving Receiving 
- churning Receiving pastuerizing 
11:00 
-- Tub butter Tub butter 
Time 
11:30 
12:00 
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Fig. 9. (Continued), 
BuHermaker 
No.1 Helper No.1 Helper No.2 
- Weigh butter W cigh butter 
- and busy Receiving 
~ churning ------
Idle 30 min. 
- Busy 
- churning 
= Weigh butter Weigh butter 
Butlermaker 
No. 2 Helper No.3 Helper No.4 
Tend pas· 
teurizing 
Make and 
line 1 set 
boxes 
Tend 
pasteurizing 
Receiving Receiving 
12:30 P.M,_= Idle 70 min. 
Clean storage Eat 
vats 
Idle 70 min. 
Eat 
Idle 70 min. 
Eat 
1:00 P.M.-= 
1:30 
2:00 
2:30 
3:00 
3:30 
4:00 
4:30 
5:00 
Tend 
pasteurizing 
_
_ . ____ 1 _____ 1 Idle 60 min. 
E.t 
Tend 
Idle 130 min. Receiving 
General plan 
pasteurizing Receiving Receiving 
1 ______ 1 Clean churns 
Tend 
pastuerizing 
Clean vat 
Clean vat 
Idle 50 min. 
General plant 
Clean vat 
Clean plate 
cooler 
Clean re· 
ceiving room 
Clean pipes 
General plant 
cleanup General plant -----
cleanup General plant 
Time Buttermaker No.1 
5:00 
RiUBe cburn 
-
-
- Idle 40 min. 
5:30 A.M. 
--
-
-
- Rinse churn 
6:00 - Idle 15 min. 
--
= Busy churning 
6:30 
• 
- Idle 10 min. 
Rinse churn 
= Busy churning 
-
7:00 
--
-
-
-
-
7:30 -
--
-
-
-
-
8:00 - Busy churning 
-
-
-
-
-
Fig. 10. Work organization, Plant VIII (Annual production-2,880,OOO pounds). 
--
Helper No.1 I Helper No.2 Buttermaker No. 21 Helper No.3 Helper No.4 
Make and Make and 
line 3 set. line 3 sets 
of boxes of boxes 
Idle 10 min. Idle 10 min. 
Tub butter Tub hutter 
Weigh butter I Weigh butter 
" 
Idle 15 min. Idle 15 min. 
Tub butter Tub butter 
Weigh butter Weigh butter 
Idle 15 min. Idle 15 min. 
Tub butter Tub butter 
-- --
Helper No.5 Helper No.6 
--
00 
O:l 
o 
---
Time Buttermaker No.1 HelperNo.l 
8:30 A.M. 
--
-
Weigh butter 
= Busy churning 
Idle 15 min. 
-
-
9:00 Tub butter 
-
- Weigb butter 
-
-
9:30 - Tdle 1 bour Idle 15 min. 
-- Eat 
-
- Tub butter 
-
- Weigh butter 
1:1:00 -
-
-
-
-
10:30 - Idle 55 min. 
- Eat 
-
= Busy churning 
-
11:00 -
-- Tub butter 
-
- Weigh butter 
-
-
11:30 - Idle 15 min. 
--
- Tub butter 
- Idle 25 miA. 
- Weigh butter 
-
Fig. 10. (Continued). 
-----
Helper No.2 Buttermaker No.2 Helper No.3 Helper No.4 
Weigh butter 
Idle IS min. 
Tub butter Prepare receiving 
room 
Weigh butter 
Clean 
' Idl6 15 min. Busy on Make and storage vats 
churning line 2 sets 
of boxes 
Tub butter 
Weigh butler Idle 20 min. 
Idle 25 min. 
Idle 55 min. Tub butter 
Eat 
Weigh butter 
Tub butter Tend 
Weigh butter 
pasteurizing 
Clean storage Receiving 
vats 
Idle 15 min. 
Tub butter Clean churns 
Weigh butter 
-
----- -
Helper No.5 
Prepare receiv .. 
ing room 
Assemble pipes 
Idle 35 min. 
Receiving 
-- --
--~ 
Helper No.6 
Prepare receiv-
ing room 
Idle 50 min. 
Receiving 
- -
00 
CJ.:) 
f-' 
---- -
Time Buttermaker No.1 
12:00 
-
-
-
-
12:30 P.M. - Tend 
-- pasteurizing 
-
-
-
-
1:00 -
-
-
-
-
1:30 -
--
-
-
-
-
2:00 -
--
-
-
-
-
2:30 -
--
-
-
-
-
-
--
Fig. 10. (Continued). 
Helper No.1 Helper No.2 Buttermaker No.2 Helper No. 3 
Idle 30 min. 
Idle 1 hour 
Idle 1M hours Idle 1M hours Eat 
General plant General plant 
Idle 1 hour 
Eat 
Tend 
pasteurizing 
Idle 2% houtll 
General plant 
-------
Helper No.4 Helper No.5 
Receiving Receiving 
Idle 1 hour Idle 1 hour 
Eat Eat 
Receiving Receiving 
---
Helper No. 6 
Receiving 
Idle 1 hour 
Eat 
Receiving 
- ------
00 
c:.o 
~ 
Fig. 10. (Continued). 
--
Time Buttcrmakcr Nc. 1 Helper No.1 Helper No.2 Buttermaker No.2 Helper No. 3 
3:00 P.M. 
-- Tend Idle 2%: hours 
- pasteurizEng General plant 
-
-
" -
3:30 -
--
-
-
-
-
4:00 -
--
-
-
-
-
4:30 - Clean vat 
--
-
- : 
-
-
5:00 - Clean vat 
--
-
-
-
-
5:30 - Clean vat 
--
- Idle 45 min. 
-
-
-
. General pl.nt 
6:00 -
-- I 
Helper No.4 
Receiving 
Clean re-
ceiving room 
Idle 45 min. 
Clean plate 
cooler 
I 
I General plant 
I 
Helper No.5 
Receiving 
Clean re-
ceiving room 
Idle 45 min. 
Cle.n pipe.. 
I General plant 
I , 
Helper No.6 
Receiving 
Clean re-
ceiving room 
Idle 45 min. 
General plant 
cleanup 
00 
CJ.:) 
CJ.:) 
" c 
::I 
0 
Go 
I-~ 
en-
.10 
9 
8~ 0 
7 
6 
5 -
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(Continued from page 821) 
o SAMPLE PLANTS 
D HYPOTHETICAL PLANTS 
~ 0 
o Go 4 00 0 
0 .. D D D 0 
.- 0 D 
c: 3 0 D 
- OJ u 
2 
O~-L~~~~I __ '~-L __ L-~~I-L~ __ ~~ 
.0 2 3 
ANNUAL BUTTER PRODUCTION 
(Millions of .Pounds) 
Fig. 11. Total unit eost. to manufacture bulk butter in IS sample plants and 6 
hypothetical plants. 
than was shown for the two sample plants producing ap-
proximately the same volume. The reason for this is that 
several conditions in sample plants Land M were unlike 
those in hypothetical plants. For example, some plants test 
for butterfat only twice a month using a composite sample 
while the standard established for the hypothetical plants 
prescribed daily testing of all cream samples. 
One might reasonably have expected to see the total costs 
of the six hypothetical plants fall below those of the sample 
plants since the former were supposed to make the best 
possible utilization of the available resources. This lack 
of difference may be explained by a number of facts. 
In the first place the same standards for building, equip-
ment, wages, taxes and insurance were applied to both cate-
gories 'of plants. The times required for the performance 
of the various functions were 'based on standards estab-
lished by actual time measurements in the sample plants 
with perhaps a somewhat better organization assumed in 
835 
the hypothetical plants than that existing in some sample 
plants. 
On the other hand, certain refinements with respect to 
operation and equipment were assumed in the hypothetical 
plants though they did not always exist in the sample plants. 
This was done in order to make the operations in the hypo-
thetical plants conform to best practices and standards. 
This, in some instances, would tend to increase costs. 
It might also have been argued that better utilization of 
building and equipment in some hypothetical plants might 
have been realized, for instance, by operating them 24 hours 
daily with three shifts of labor, or, conversely, that better 
use might have been made of a given labor force by install-
ing additional equipment. Actually these substitutions of 
resources were considered in designing the hypothetical 
plants, but in some instances their applications would have 
caused conflicts with cream supply and transportation, and 
the resulting operations would have deviated radically from 
current practices. The six hypothetical plants represent a 
combination and utilization of resources which can be recon-
ciled with recognized standards for sanitation, housekeep-
ing, quality and working hours, and which do not vary ma-
terially from the current pattern in the creamery industry. 
Thus the costs in the hypothetical plants correspond to 
certain defined conditions for each plant. Any reduction 
in volume of these plants would clearly result in higher unit 
costs if all other conditions remained the same. An in-
crease in volume of these plants could be handled only by 
making greater demands on the labor force. Analysis of 
the work organization charts should indicate the feasibility 
of this in any given situation. Obviously the larger plants 
have greater flexibility in this respect. In comparing Plant 
II with Plant VIII it is apparent that the latter could readily 
handle a substantial, permanent increase in volume while 
the former would be pushed into the phase of increasing 
unit cost. On the other hand it is felt that sufficient flexi-
bility is built into all of the plants to accommodate tempo-
rary increases in volume. 
Since the standardized unit costs of the sample plants and 
the hypothetical plants lie fairly close together in the dif-
ferent volume ranges, they may reasonably be considered 
to represent the costs of manufacturing butter under the 
conditions specified and to depict the variation in these costs 
with volume of production. 
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APPENDIX A 
SAMPLE CALCULATION OF REPLACEMENT COST OF CREAMERY 
BUILDING (PLANT F). 
~~~~m~tb"ufI~fn~I.~i~.g:::::::::::::::::::::::::::::::::::::::::::::::: : 
Base price per sQ.uare foot of ground area' ...... , ...................... . 
Adj.usted base prIce per square foot of ground area 3.90 x 2. out ......... . 
EstImate of replacement cost 2440 x 7.85 .............................. . 
Adiustment for additional facilities .................................... . 
Total estimate of replacemeut cost .................................... . 
244 fcct 
2.440 square feet 
$ 3.90 
$ 7.85 
$19.200 
$ 9.000 
$28.200 
*Boeckh's manual of appraisals. 3rd ed. P. 219. The Rough Notes Company, Inc., 
Indianapolis, Ind., 1937. 
tIndex to adjust base price to current local prices of material and labor. Calculated 
by the Boeckh index calculator. The Rough Notes Company, Inc., Indianapolis, Ind., 
1936. 
APPENDIX B 
TOTAL BUILDING INVESTMENTS AND TOTAL ANNUAL BUILDING COSTS 
FOR 13 SAMPLE PLANTS. 
Plants Total 
Annual depreciation 
and maintena.nce Annual interest Total annual 
invcstm('nt ccsts costs building costs (Dollars) (Dollars) (Dollars) (Dollars) 
A ............ 28,700 1,148 574 1,722 
B ............ 23,400 936 466 1,404 
C ............ 26,300 1,050 525 1,575 
D ............ 29,300 1,172 586 1,758 
E ............ 39,172 1,566 783 2,349 
F ............ 28,200 1,128 564 1,692 
G ............ 37,900 1,516 758 2,274 
H ............ 30,300 1,212 606 1,818 
I. ........... 44,900 1,796 898 2,694 
J ............ 62,000 2,480 1,240 3,720 
K ............ 49,840 1,994 997 2,991 
L ............ 57,200 2,288 1,144 3,432 
M ........... 60,450 2,464 1,208 3,672 
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APPENDIX C 
DEPRECIATION AND MAINTENANCE RATES FOR VARIOUS TYPES OF 
EQUIPMENT. 
Type of equipment 
Steam generators, water pumps, water weUs, pressure tanks, buttermilk 
tanks, compressors and ice builders ...................................... . 
Office equipment, cream and butter scales, dump tanks, cream and butter test-
ing equipment,collveyor instaUations, cream and buttermilk pumps, record-
ing and indicating thermometers, cooling and heating units, miscellaneous 
equipment and tools ................................................... . 
Can washers, sanitary pipes and fittings, sediment testing equipment and feed 
water pumps ......................................................... . 
Coil pasteurizers and cburns .............................................. . 
Cream filters ........................................................... . 
APPENDIX D 
Annual depreciation and 
maintenance rates as per-
cent of replacement cost 
8 
10 
12 
15 
20 
TOTAL EQUIPMENT INVESTMENTS AND TOTAL ANNUAL EQUIPMENT COSTS 
FOR 13 SAMPLE PLANTS. 
Plant Total 
Annual depreciation 
and maintenance Annual interest Total annual 
investment costs costs equipment ",,"Is (Dollars) (Dollars) (Dollars) (Dollars) 
A ............ 20,609 2,235 412 2,647 
B ............ 19,862 2,413 417 2,830 
C ............ 24,750 2,834 495 3,329 
D ............ 27,399 3,129 548 3,677 
E ............ 28,766 3,334 575 3,909 
F ............ 25,388 2,878 508 3,386 
C ............ 39,952 5,004 894 5,898 
H ............ 34,647 3,692 695 4.387 
I· ........... 63,942 6,357 1,279 7,636 
J ............ 115,048 11,879 2,301 14,180 
K· ........... 89,377 8,986 1,787 10,773 
L· ........... 88,724 8,728 1,774· 10,502 
M· .......... 111,519 11,663 2,230 13,893 
'Includes equipment for drying or condensing buttermilk. 
Plant Manager 
A ................. . 
B ................. . 
C ................. . 
D ................ .. 
E ................. . 
F ................ .. 
C ................ .. 
H...... 1 
1...... 1 
J...... 1 
K...... 1 
r,...... 1 
M...... 1 
APPENDIX E 
PERSONNEL IN 13 SAMPLE PLANTS. 
Butter-
maker-
manager Engineer Tester 
:::::::::::: ...... 2 .. · .. :::::::::::: :::::::::::: 
............ 1 ...................... .. 
· .... ·i .... · 
1 
1 
2 
1 
2 
3 ...................... .. 
~ · .... i .... · ..... ~ .... . 
4 1 
5 .......... .. 
B ........... . 
Office 
worker 
.. .. ·H .. ··· 
~ 
~ 
1 
M 
1 
M 
2 
2 
2 
2 
2 
.. APPENDIX F 
PRIMARY COSTS (IN DOLLARS) FOR PRODUCING BULK BUTTER IN 13 SAMPLE PLANTS. 
Plant A B C D E F G H I J K 
------------------------------
Annual production of 
bulk butter ......... 173,000 302,000 320,000 3'14,000 552,000 624,000 861,000 892,000 1,144,000 1,970,000 2,042,000 
Salaries and wages .•... 6,230 5,150 5,260 5,172 10,640 7,725 13,200 13,800 19,600 28,100 27,600 
Fuel ................. 414 790 700 650 1,521 B56 2,287 1,534 2.713 3.B16 3.041 
Power ................ 355 461 302 fBI 533 396 1,490 1,071 1,416 l,B36 3,028 
Materials used in 
process ...........• . 183 304 324 365 31B 468 616 764 851 1,910 1,169 
Paeksgin!l materials ..•. 62B 902 1,041 1,096 2.110 1,570 2,988 2,719 3,348 5,807 7,105 
Depreciation, interest 
and maintenance on 
building ..•.....•..• 1,657 1,466 1,535 1,725 2.297 1,665 2,219 1,756 2,197 2,705 2,163 
Depreciation, interest 
and maintenance OD 
equipment •.•.•...••. 2.535 2.778 3.28G 3,617 3,846 3,321 5,834 4.301 5.247 10,622 8.301 
Insurance ............. 282 268 299 334 392 315 457 380 480 777 625 
Property taxes ..•..••. 712 673 750 B36 .1,000 791 1.147 952 1,186 1,922 1,549 
Payroll taxes .......... 113 103 lOO 104 213 154 264 276 392 562 552 
General plnnt .upties .• 330 23B 486 aoo 1,126 610 2,285 2,927 3.785 5,089 2,207 
Olliee supplies an 
102 288 365 1.459 905 bank char~e •......•• 41 84 320 546 803 655 
General administrative 
expense ............. 570 681 1.0'17 953 1,700 2,290 1,173 2,915 3,633 2.689 3.161 
---------------------
TOTAL .......... 14,050 13.916 15,243 16,783 25,984 20,526 34,506 34,854 . 45,813 66,838 61,3'12 
- ---
_ .. _- ----- -----
- - ---- --------- --
L 
---
2,896,000 
24,400 
3.546 
3,500 
1,658 
9,110 
2,474 
B,102 
634 
1,574 
488 
5,747 
1,500 
6,918 
---
69,651 
M 
---
2,958,000 
27,850 
3,753 
3,476 
2.400 
8,900 
2,856 
9,B11 
737 
1,816 
557 
4,028 
1,647 
4,164 
71,995 
00 
CI:I 
00 
-Salaries 
Plants and wag.,. 
A ••.....•. 1,060 
B ......... 1,900 
C ......... 1,900 
D ........ 1.900 
E ......... 2.800 
F ......... 1.900 
G ......•. 4,300 
If., ...... 3,900 
1. ........ 7,100 
J ......... B.600 
K ........ 6,600 
L ......... 7,100 
1\1 ........ 8.600 
APPENDIX G 
ALLOCATION OF PRIMARY COSTS (IN DOLLARS) TO OPERATING 
DEPARTMENTS IN 13 SAMPLE PLANTS 
I. ADMINISTRATIVE. 
- - ---
~-
-- - - - -
BuiI:fu,g I Equipment Payroll Office supplies General adminis-cost cost Insurance Taxes taxes and bank char;;cs trative expense 
100 173 18 47 21 41 570 
100 120 16 40 38 102 6S1 
107 120 16 . 41 38 84 1.077 
40 120 10 25 38 320 953 
279 106 33 85 56 288 1,700 
90 120 15 38 38 365 2,290 
91 144 16 41 86 546 1,173 
134 480 37 94 78 1,459 2,915 
221 360 40 100 142 905 3.6'33 
246 564 54 133 172 B03 2,689 
176 360 36 90 172 655 3,161 
62 240 IB 46 142 1,500 6,918 
205 783 60 150 172 1,647 4.164 
---- -
Total 
2,030 
2,9'17 
3.383 
3,406 
5.347 
4.656 
6,397 
9,097 
12,501 
13,461 
13.250 
16,026 
15.781 
-- ---
II. CREAM RECEIVING AND TESTING. 
Plants Salaries and wages Building cost Equipment cost Insurance Local taxes Payroll taxes Total 
A .............. 1,560 173 146 25 62 31 1.999 
B .............. 1,250 138 131 20 51 25 1,615 
C .............. 1,240 238 379 41 103 25 2,026 
D .............. 875 294 609 56 141 18 1.993 
E .............. 2,200 248 431 43 110 44 3,076 
F .............. 1.500 259 362 42 106 c, 30 2,299 
G .............. 3,500 248 379 42 105 70 4,344 
H .............. 4,200 213 369 39 97 84 5.022 
T ................ 5,000 361 5B3 63 157 100 6,264 
J .............. 8,170 368 1,655 lI2 278 163 10.746 
K ............. , 8,250 406 1,386 105 260 165 10,572 
L ............... 6,800 281 1,024 76 188 136 8,505 
M ............. 8,750 642 1,980 154 382 175 12,083 
-~~ 
--
-
00 
c.o 
\',0 
III. PASTEURIZING AND COOLING. 
-~ -
---- -
-~ 
- -- -- -
Plant Salaries and wages Building eo.t Equipment cost Insurance Local taxes Payroll taxes Total 
A •••..••.•...•• 1,060 342 949 75 188 21 2,635 
B .••.•..•...... 250 219 1,120 62 156 5 1,812 
C ••..•.•..••... 410 260 1,101 65 162 8 2,006 
D .............. 438 3C6 1,136 71 177 9 2,137 
E .............. 1,500 465 1,136 85 216 30 3,432 
F .............. 1,080 2fJl 1,129 -- fJl 169 22 2,734 
G ••..........•. 1,000 480 2,138 128 322 20 4,088 
II .............. 1,200 384 1,681 123 308 24 3,920 
I. ............. 1,000 439 1,810 128 321 20 3,718 
J .............. 2,330 376 4,406 236 583 47 7,978 
K .............. 2,500 392 3.497 215 534 50 7,168 
L .............. 2,000 412 2,947 179 444 40 6,022 
M ............. 1.750 370 2,595 160 397 35 5,607 
00 
IV. CHURNING. ~ 
Salaries Materials uscd Packa~ing Building Equipment Payroll 
Plant and wages in process matrrlals cost cost Insurance Local taxes taxes Total 
A ......... 2.290 18..1 628 165 527 37 92 35 3,957 
B ......... I,5CO 304 902 319 622 55 139 30 3,871 
C ......... 1,510 324 1.041 260 625 50 125 30 3.965 
D ........ 1,750 385 1,096 327 666 58 145 35 4.462 
E ......... 3.840 318 2.110 413 1,038 78 198 77 8,072 
F ......... 3,000 468 1,570 227 650 47 118 59" 6,139 
G ........ 4,000 616 2,988 453 1,227 90 226 80 9,680 
II ........ 4 mo 764 2,719 254 570 48 116 80 8,551 
I. ........ 4.500 851 3.348 269 771 58 145 90 10,032 
J ......... 8,000 1,910 5.807 346 1,402 91 225 160 17,941 
K ........ 7,250 1.169 7.326 377 1.244 84 208 145 17,803 
L ......... 7,5CO 1,658 9.110 288 1,393 83 206 150 20,388 
M ........ 7,750 2,400 8,900 561 1.514 112 279 155 21,671 
V. GENERAL PLANT. 
Salaries Electric Building Equipment Local Payroll 
Plant and wages Fuel power cost cost Insurance tax,," ta.xes 
A .•••.•••.•.. 260 414 355 ff17 738 127 323 5 
B ............ 250 790 461 6<JO 785 115 287 5 
C ••......•... 200 700 302 670 1.055 127 319 4 
D ............ 219 650 781 758 1.086 139 348 4 
E ............ 300 1.521 533 892 1,135 154 391 5 
F ............ 245 856 \ 396 822 1,060 144 360 5 
G ............ 400 2,287 1,490 947 1,946 181 453 8 
H •........... 500 1,534 1,071 771 981 133 337 10 
1. ........... 2,000 2,773 1,416 907 1.723 188 46.1 40 
J ............ 1.000 3.816 1.836 1.369 2.595 284 703 20 
K ............ 1,000 3,041 3,023 812 1,814 185 457 20 
L ............ 1.000 3.546 3.500 1,431 2.498 278 690 20 
M ........... 1.000 3.753 3.476 1.078 2,639 251 608 20 
VI. BUTTERMILK DRYING OR CONDENSING .• 
--------- -
- _ ... _-------- ----- ----_ .. _-- --- -- -----
- -- ------ ------ ---
Salaries Electric Paoka~ing Building Equipment Local 
Plant and wa~es Fuel powe-r materials cost cost lnsuranre taxes 
T ............. 2.500 2.648 413 772 506 2,110 164 413 
J ............ 2,000 4,724 980 798 911 2.765 242 601 
K ............ 2,000 4,054 503 1,192 718 2,083 IS6 461 
L ............ 2,OO() 3.546 588 9,000 889 2.321 235 586 
M ........... 2.000 4.610 638 1,600 564 2,904 218 555 
-
. 
General plant 
supphes Total 
330 3.429 
238 3.621 
486 3.864 
800 4.785 
1,126 6,057 
610 4.498 
2,285 9,997 
2.927 8,264 
3,765 13,295 
5.089 16,712 
2.207 12.559 
5.747 18,710 
4,028 16,853 
-------- ----
- -- --- ~~----
Payroll 
taxes Total 
50 9,576 
40 13,061 
40 11.237 
40 19.205 
40 13,129 
co 
,p.. 
I-' 
~ - ---
- -
Salaries Pack~ing 
Plant and wages materIals 
--
A .•.•...•. 770 890 
B ..•...... 250 41 
C ..••..... 140 178 
D ......... 218 90 
E ......... 660 840 
F ......... 1'15 383 
G ......... 600 1,609 
H ......... 600 1,276 
1.. ........ 1,500 2,221 
,1. ......... 1,000 3,780 
K ......... 1,000 1,418 
L ......... 1,200 2,494 
M ........ 8, '150 15,644 
VII. BUTTER PACKAGING IN ONE-POUND PRINTS. 
----- --- - - -
~ --
Building Equipment 
cost cost Insurance Local taxes 
65 112 11 27 
38 52 6 15 
40 48 6 15 
33 60 5 14 
52 62 S 19 
27 65 5 12 
55 64 8 20 
62 82 9 21 
81 279 22 55 
104 793 51 127 
110 3S9 30 '15 
69 79 10 24 
252 1,178 84 209 
~ -
Payroll I taxes 
27 
5 
3 
4 
10 
4 
12 
12 
30 
20 
ZO 
24 
175 
-
Total 
1,902 
407 
430 
424 
1,651 
671 
2,368 
2,062 
4,188 
5,8'15 
3,042 
3,90a 
26,292 
-
00 
~ 
I:\:l 
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APPENDIX H 
EQUIPMENT INSTALLATIONS AND COSTS IN SIX 
HYPOTHETICAL PLANTS 
PLANT 1 
Der,eciation 
an mainte- Yearly 
Investment nanee rate cost 
Department Equlpl,,"nt (Dollars) (Pereent) (Dollars) Total 
Administration Calculat.or 800.00 10 SO.OO 
Desk and chairs 100.00' 10 10.00 
Tr.pewriter 100.00 10 10.00 
Flies 150.00 10 15.00 
, Sare 200.00 10 20,00 
Miscellaneous 50.00 10 5.00 
--- ---Total 1.400.00 140.00 
Interest 28.00 168.00 
--- = 
Receiving and Cream scales 522.00 10 52.20 
testing Dump tank 
and strainer 125.00 10 12.50 
Can washer 2,700.00 12 324,00 
Conveyor installation 800.00 10 SO.OO 
Babcock centrifuge 270.00 10 27.00 
Cream test scales 100.00 10 10.00 
Test bottle rafks 24.00 10 2.40 
Table and stool 55.00 10 5.50 
Sanitary lIipe 
and 6ttmgs 50.00 12 6.00 
Sediment testing 
equipment 300.00 12 36.00 
--- ---Toto! 4,946.00 555.60 
Iuterest 98.92 654.52 
--- = 
Pasteurizing Coil pasteurizers 
\2-600 gal.) 6,200.00 15 930.00 
Recording ther-
mometers (2) 300.00 10 30.00 
Indicating ther-
mometers (2) 56.00 10 5,60 
Cream liump 480,00 10 48.00 
Cream Iter 65.00 20 13.00 
Sanitary pipe and 
fittings 120.00 12 14.40 
--- ---Total 7.221.00 1,041.00 
Interest 144.42 1.185.42 
--- = 
Churning Churn (2,000 100. 
butter) 3,150.00 15 472.50 
Platform scales 428.00 10 42.80 
Water lilt .. 110.00 10 11.00 
Conveyor 150.00 10 15.00 
Buttermilk r,urDP 263.00 10 28.30 
Moisture ba ance 90.00 10 9.00 
Miscellaneous (tongs, burners, 
10.00 etc.) 100.00 10 
Tape dispenser 40.00 10 4.00 
Buttermilk tank 250.00 8 20.00 
--- ---Total 4,601.00 612.60 
Interest 92.02 704.62 
--- = 
--General plant Compres.'IDr 2,025.00 8 162.00 (rerrigeration) Ice builder 1,450.00 8 116.00 
Cooling unit 500.00 10 50.00 
Installation 500.00 8 40.00 
Sweet water pump 300.00 10 30.00 
--- ---
Toto! 4,775.00 398.00 
loterest 95.50 493.50 
--- ---
844 
PLANT I (Continued) 
Depreciation 
and mainte- Yearly 
Investment nance rate cost 
Department F.quipment (Dollars) (Percent) (Dollars) Total 
General plant Steam generator 2,600.00 8 208.00 (steam, water. Fced water pump 550.00 12 66.00 
etc.) Fuel oil tank 400.00 8 32.00 
Water well 500.00 8 40.00 
Water pump and I 
pressure tank BOO. 00 8 64.00 
Heating units (3) 300.00 10 30.00 
Wash tank 150.00 10 15.00 
Lockers 40.00 8 3.20 
Tools) work bench, 
etc. BOO. 00 )0 80.00 
--- ---
Total 6,140.00 538.20 
Interest 122.80 €6l. 00 
---
---
PLANT II. 
Auministration As in Plant I 168.00 
---
Receiving and 
t""ting As in Plant I 654.52 
---
Pasteurizing Coil pasteurizers 
(3-€00 gal.) 9,300.00 15 1,395.00 
Recording ther-
mometers (3) 450.00 10 45.00 
Indicating ther-
mometers (3) 84.00 10 8.40 
Cream pump 480.00 10 4B.00 
Cream filter 65.00 20 13.00 
Sanitary pipe and 
httings 170.00 12 20.40 
--- ---
Total 10.549.00 1,529.80 
Interest ZlO.9& 1,740.78 
--- = 
Churning As in plant I 704.62 
= 
Gener.l plant Compresflor 2,025.00 8 162.00 
(refrigeration) Ice builder 1,750.00 8 140.00 
Cooling Unit 500.00 10 50.00 
Sweet water pump 300.00 10 30.00 
Installation 700.00 8 56.00 
--- ----
Total 5,275.00 438.00 
Interest 105.50 543.50 
--- ---
General plant Steam generator 2,600.00 8 208.00 
(steam, water t Feed water pump 550.00 12 66.00 
etc.) Fuel oil tank 400.00 8 32.00 
Water well 500.00 8 40.00 
Water pump and 
pressure tank 800.00 8 84 00 
Heating units (3) 300.00 10 30.00 
Sanitary pipe wash 
tank 150.00 10 15.00 
Lockers 60.00 8 4.80 
Tools, work 
benches; etc. 1,000.00 10 100.00 
---
---
Total 6,360.00 559.80 
Interest 127.20 667.00 
--- ---
845 
PLANT Ill. 
Deareci~tion 
Yearly an mamtc-
Investment nance rate cost 
Department Equipment (Dollars) (Percent) (Dollars) Total 
Administration Calculator 800.00 10 80.00 
Desk and chairs 200.00 10 20.00 
Txpewriter 100.00 10 10.00 
Files 200.00 10 2lJ.OO 
Safe 200.00 10 20.00 
Adding machine 300.00 10 30.00 
---
Total 1,800.00 180.00 
Interest 36.00 216.00 
-- ---
----
Receiving and Cream scales 522.00 10 52.20 
tl'.sting Dump tank and 
strainer 125.00 10 12.50 
Can washer 3,350.00 12 402.00 
Conveyor Insta\la.tion 2,500.00 10 250.00 
Cart for sample 
bottles 75.00 10 7.50 
Babcock centrifuge 270.00 10 27.00 
Cream test scales 100.00 10 10.00 
Test bottle racks 48.00 10 4.80 
Table and stools 75.00 10 7.50 
Test bottle shaker 100.00 10 10.00 
Sediment testing 
equipment 300.00 12 36.00 
SanItary pipe and 
fittings 75.00 12 9.00 
---
---Total 7,540.00 828.50 
Interest 150.80 979.30 
--- ----
----Pasteurizing Coil pasteurizers 
(4-600 gal.) 12,400.00 15 1,860.00 
Recording ther-
mometer. (3) 450.00 10 4.50 
Indicating ther-
mometers (4) 108.00 10 10.80 
Cream pump 480.00 10 48.00 Cream pump 264.00 15 39.60 
Cream filter 445.00 10 44.50 
Sanitary pipe and 
fittings 425.00 12 51.00 
Pipe rack 60.00 10 6.00 
Handy truck 70.00 10 7.00 
--- ---
Total 14,702.00 2,071.40 
Interest 294.04 2,36'5.44 
---
---
Churning Churns (2-2,000 lb.) 6,300.00 15 945.00 
Platform scales 428.00 10 42.60 
Water filter 160.00 10 16.00 
Conveyor 150.00 10 15.00 
Buttermilk,Jump 283.00 10 28.30 
Moi.ture b onoc 90.00 10 9.00 
Tape dis}!enscr 40.00 10 4.00 
ButtermIlk tank 300.00 8 24.00 
Miscellaneous 
(tongs, burners, 
etc.) 100.00 10 10.00 
--- ---
Total 7,851.00 1,094.10 
Interest 157.02 1,251.12 
---
---
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PLANT III (Continued) 
Depreciation 
and mainte- Yearly 
Investment nance rate cost 
Department Equipment (Dollars) (Percent) (Dollars) Total 
-
General plant Compressor 3,200.00 8 256.00 (refrigeration) Jce builder 1,850.00 8 148.00 
Sweet water pump 300.00 10 30.00 
Cooling unit 500.00 10 50.00 
Inst.lI.tion 700.00 8 56.00 
--- ---
Total 6,550.00 540.00 
Interest 131.00 67l.00 
--- = 
General plant Steam generator \ 2,900.00 8 232.00 (steam. water, Feed water pump 570.00 12 68.40 
etc.) Fuel oil tank 600.00 8 48.00 
Water well 1,000.00 8 80.00 
Water pump and 
pressure tank 800.00 8 64.00 
Heating units (5) 500.00 10 50.00 
Sanitary pipe 
380.00 10 w.,h tank 38.00 
Lockers 80.00 8 6.40 
Too'" work bench, 
etc. 1,200.00 10 120.00 
--- ---
Total 8.030.00 706.80 
Interest 160.60 867.40 
--- ---
PLANT IV. 
Administration Calculator 800.00 10 80.00 
Desk and chairs 300.00 10 30.00 
Typewriter 100.00 10 10.00 
Files 300.00 10 30.00 
Safe 200.00 10 20.00 
Adding machine 300.00 10 30.00 
--- ---
Tot.l 2,000.00 200.00 
Interest 40.00 240.00 
--- ---
Receiving and Cream scales 522.00 10 52.20 
testing Dump tank 300.00 10 30.00 
Can washer 3,350.00 12 402.00 
Conveyor installation 3.000.00 10 300.00· 
Cart for Bample 
75.00 10 7.50 bottles 
Babcock centrifuge 270.00 10 27.00 
Cream test sC!1lcs 200.00 10 20.00 
Test bottle racks 64.00 10 6.~0 
Tabl. and stool, 100.00 10 10.00 
Test hottIe shaker 100.00 10 10.00 
Sediment testing 
42.00 equipment 350.00 12 
Sanitary pipe 
15.00 and fittings 125.00 12 
Wash tank 40.00 10 ~.OO 
--- ---
Total 8,496.00 926.10 
Interest 169.92 1,096.02 
--- ---
847 
PLANT IV (Continued) 
Depreciation 
and maintc· Yearly 
Inv""tment nance rate COl:lt 
Department Equipment (Dollars) (Perccnt) (Dollars) Tot.l 
Pasteurizing Coil pasteurizers (3-800 ga!.) 10,050.00 15 1,507.50 
Recording ther-
momete", (3) 450.00 10 45.00 
Indicating ther-
140.00 10 14.00 momete,." (5) 
Plate or cabinet 
cooler 5,000.00 10 500.00 
Stor.~e tank 4,350.00 8 348.00 
Cream filter 445.00 10 44.50 
Cream pump 264.00 15 39.60 
Sanitaz pipe 
and ttings 700.00 12 84.00' 
Pipe rack 160.00 10 16.00 
Bandy truck 70.00 10 7.00 
Water pumro ror 
33.60 plate coo or 280.00 12 
Cream pump 480.00 10 48.00 
--- ---
Total 22,389.00 2,687.20 
Intere,t 447.78 3,134.98 
---
---
Churning Churns (2-2,000 lb.) 6,300.00 15 945.00 
Platform scales 428.00 10 42.80 
Water filter 160.00 10 16.00 
Conveyor 150.00 10 15.00 
Buttermilk yump 29300 10 28.30 
Moisture ba ancc 90.00 10 9.00 
Tape dispenser 40.00 10 4.00 
Butterml!k tank 400.00 8 32.00 
Composition control 
umt 500.00 6 30.00 
Trucks 100.00 10 10.00 
M iseeUaneous 100.00 10 10.00 
--- ---
Total 8,551.00 1,142.10 
Interest 171.02 1,313.12 
--- = 
General plant Compressor 3.200.00 8 256.00 
(refrigeration) Ice builder 2,080.00 8 166.40 
~weet water pump 300.00 10 30.00 
Cooling unit 500.00 10 50.00 
Installation 1,000.00 8 80.00 
--- ---
Total 7,080.00 582.40 
Interest 141.60 724.00 
---
---
General plant Steam generator 3,310.00 8 264.80 
(steam, water, Feed water pump 523.00 12 62.76 
ctc.) Fuel oil tank 1,000.00 8 80.00 
Installation 1,200.00 8 96.00 
Water well 1,500.00 8 120.00 
Water pump and 
pressure tan k 800.00 8 64.00 
Heating units (7) 700.00 10 70.00 
Sanitary pipe 
38.00 w""h tank 360.00 10 
Lockers 120.00 8 9.60 
Miscellaneous 1,800.00 '10 180.00 
--- ---
Total 11 ,333.00 9SS.16 
Interest 226.66 1,211.82 
--- = 
848 
PLANT VI. 
Degreciation 
an mainte- Yearly 
Investment nance rate eost 
Dcpartm~lIt Equipment (Dallal'll) (Percent) (Dollars) Total 
Admini9tration Bookkeeping machine 3.500.00 10 350.00 
Tfm;writer 100.00 10 10.00 
Aa ing nlschin .. 600.00 10 60.00 
Check writer 250.00 10 25.00 
Desks. chairs. etc. 400.00 10 40.00 
Files 300.00 10 30.00 
Safe 300.00 10 30.00 
Cheek .Ofter 150.00 10 15.00 
--- ---Total 6.600.00 560.00 
Interest 112.00 6'72.00 
--- = 
Receiving and Cream BCales 522.00 10 52.20 
testing Dump tank 300.00 10 30.00 
Can washer 5.000.00 12 600.00 
Conveyor installation 3,500.00 10 350.00 
Carta for sample 
150.00 bottles 10 15.00 
Babcock centrifuge 270.00 10 27.00 
Cream test scales 200.00 10 20.00 
Test bottle racks 96.00 10 9.00 
Table and .tools 150.00 10 15.00 
Test bottle shaker 100.00 10 10.00 
Sediment testing 
e<;uipment 350.00 12 42.00 
Samtijt pipe 
and ttings 200.00 12 24.00 
Wash tank 40.00 10 4.00 
--- ---Total 10,878.00 1.198.80 
Interest 217.56 1.416.36 
--- = 
Pasteurizing Coil pasteurizers (3-800ga!.) 10,050.00 15 1,607.00 
Recording ther-
mometers (3) 450.00 10 45.00 
Indicating ther-
17.00 mometel'll (6) 170.00 10 
Plate or cabinet 
coolcr 11.000.00 10 1,100.00 
Storage tanks (2-2 500 gal.) 8,000.00 8 640.00 
Cream filters \2) 900.00 10 90.00 
Cream pump 600.00 10 60.00 
Cream pump 600.00 10 60.00 
Sanitary I?ipe 
900.00 12 108.00 Bnd littmgs 
Pipe rack 100.00 10 16.00 
Handy trucks 140.00 10 14.00 
Water pumre for 
,plat. coo er 280.00 12 33.60 
--- ---Total 
Interest 
33,150.00 3.680.00 
663.00 4.343.60 
--- = 
849 
PLANT VI (Continued) 
Depreeiatinn 
Yearly I and mainte-Investment nance rate cost Department Equipment (DoIIal'8) (Percent) (Dollars) Tntal 
Churning Churns ,2-2.000 lb.) 6.300.00 15 945.00 
. Platfnl'ID scales 428.00 10 42.80 
Water hlter 250.00 10 25.00 
Conveyor 200.00 10 20.00 
~~~:.:1k pumps 600.00 10 60.00 
• balances (2) 180.00 10 18.00 
~ d§p.e,!.ine 150.00 10 15.00 Tape 40.00 10 4.00 
Composition control 
500.00 6 30.00 nnlt 
Buttermilk tanks 600.00 8 48.00 
Trucks 100.00 10 10.00 
Miscellaneous (pack-
150.00 15.00 ers. burner. etc.) 10 
Table 150.00 8 12.00 
--- ---Total 9.648.00 1.244.80 
Interest 193.00 1.431.80 
--- = 
General plant Com,r.;essor 2.700.00 8 216.00 (rerrigeration) Can enser 500.00 8 40.00 
Cowpressol'8 (2) 700.00 8 56.00 
Ice buildel'8 3.700.00 8 296.00 
Cooling units (2) 600.00 10 60.00 
Sweet water pumps 600.00 10 60.00 
Installatinn 1.500.00 8 120.00 
--- ---Total 10.300.00 848.00 
Iterest 206.00 1.054.00 
--- = 
General plant Steam generator 4.760.00 8 380.80 (steam. water. Feed water pump 608.00 12 72.96 
et.e.) Fuel nil tank 1.500.00 8 120.00 
Steam header 600.00 8 48.00 
Installatiou 1.500.00 8 120.00 
Walerwell 2.000.00 8 160.00 
Water pump and 
pressure tank 800.00 8 64.00 
Heating nnits (8) 800.00 10 80.00 
Sanitary pipe 
wash tank 380.00 10 38.00 
Lookers 300.00 8 24.00 
Fuel pump 500.00 10 50.00 
Power conveyor for 
butter boxes 1.200.00 10 • 120.00 
Miscellancous 3.000.00 10 300.00 
---
Total 17.948.00 1.577.76 
Interest 358.96 1.93672 
--- ---
850 
PLANT VIII. 
Depreciation 
Yearly and mainto-
Investment nance rate coot 
Department Equipment (Dollars) (Percent) (DoDar.) Total 
Administration Aa in Plant VI 672.00 
= 
Receiving and 
teating A. in Plant VI 1.416.36 
= 
Pasteurizing Coil pasteurizers (3-800 gal.) 10.050.00 15 1.507.50 
Recording ther-
mometers (3) 450.00 10 45 .. 00 
Indicating ther-
mometers (6) 170.00 10 17.00 
Pl.te or cabinet 
cooler 11.000.00 10 1.100.00 
Storage tanks (2-300 ga1.) 8.700.00 8 696.00 
Cream filters (2) 900.00 ·10 90.00 
Cream pump 600.00 10 6000 
Cream pump 500.00 10 50.00 
Sanita~ pipe 
. and ttings 1.000.00 12 -120.00 
Piperark 160.00 10 16.0J 
Handy truck 140.00 10 14.0J 
Water pWlll' for 280~00 33.60 plate oooler 12 
--- ---
Tot.1 33.950.00 3.749.10 
Interest 679.00 4.428.10 
--- = 
Churning Churns \3-2.000 lb.) 9.500.00 15 1.425.00 
Platform scales 428.00 10 42.60 
Water filter 250.00 10 25.00 
Conveyor 300.00 10 30.00 
Buttermilk f,umps 600.00 10 60.00 
Moiolure ba ances (2) 180.00 10 18.00 
Stapling machine 150.00 10 15.00 
Tape dispenser 40.00 10 4.00 
Composition oontrol 
600.00 6 36.00 Unit 
Buttermilk tanks 600.00 8 48.00 
Trucks 100.00 10 10.00 
Table 150.00 S 12.00 
Miscellaneous (pack-
era. burners. eto.) 150.00 10 15.00 
--- ---
Total 13.048.00 1.740.80 
Interest 260.96 2.001.76 
--- = 
Oeneral plant As in Plant VI 
·1 I 2.990.72 
---
851 
APPENDIX I 
BUILDING LAYOUTS FOR SIX HYPOTHETICAL PLANTS 
T 
o 
.. 
1 
T 
o 
~ 
1 
a:: Ie!) U) 
I&J I~ lIJ 
..J 9NIN~nHO I .... -
0 Ifn .J 0 _________ .!..t:-_ Q. 
0 Q. 
~ 
9 N I Z H:I n 3 .l S \fd 
(J) 
~ 2 a:: 
~ <t w 9NIA 1303~ UJdP-W OO~ r- et (J) ~ 
.lS3li 
• g 9 
a:: 
Ie!) 
IZ (J) I&J 1- I&J 
.J 9 N1NlinHO It; 
-0 I~ ..J 0 0-
(,) ---------'-- 0-
~ 
HO~~5olid: 9 N 12 lli n31S"d (J) 
1 
~ 1 2 a:: 
~ et I&J 9NIAI303H I.&JCI)r-ct 
"00 li t-. ~ 
lS3li 
U) 
,09 
b 
N 
:" 
.-
W 
.J 
<t 
0 
U) 
... 1 
·0 
N 
• s 
W 
..J 
<t 
0 
(J) 
I:j 
I--
Z 
c:( 
-.J 
a. 
t-I 
~ 
Z 
c:( 
.....J 
a. 
o 
,.. 
852 . 
6 S • ---------I~_.l1 
(!) 
z STEAM 
RECEIVING - & to-
(/) WATER I&J 
~ 
~OMPRESSOR 
PASTEURIZIN G 
- - ------ ------- COOLER 
CHURNING 
OFFICE 
..J 
REST 
SUPP Ll ES ..J ROO M S C 
% 
SCALE: 1".20' 
PLANT III 
CD 
CD 
853 
721 
-I 
STEA M a WATER COMPRESS· COOLER 
OR 
RECEIVING PASTEURI ZING CHURNING 
TESTIN G 
OFFICE 
.J 
..J SU PPLI ES 
REST « 
-ROOM :I: 
SCALE I"~ 20' 
PLANT nz: 
co 
o 
STEAM S 
RECEIVING 
TESTING 
OFFICE 
REST 
ROOM 
854 
9 2 I ____ ----..t~ 
WATER COMPRESSOR COOLER 
i 
PASTE URI Z I N G CHURNING 
I 
-l REST 
-l ROOM 
<t SUPPLI ES 
J: , 
; 
SCALE 1"-20· 
PLANT YI 
855 
9 6 
STEAM a WATE R COM PRESSOR COO L E R 
I 
RECEIVING PASTEU RI Z I N G CHURNIN G 
TESTING 
\ I 
HALL I 
REST 
OFFICE ROOM SUPPLIES 
S CA LE: I": 20' 
PLANT 1ZJTI 
856 -
APPENDIX J 
TIME STANDARDS FOR CREAMERY OPERATIONS 
CHURNING 
Rinse churn .....................•........•••.............. 5 min. 
Run cream into churn ...................................... 15 min. 
Run churn .•..........•.......••...........•.•............. 45 mm. 
Drain buttermilk ................•••.............•....•..... 10 min. 
Wash butter .......•....................................... 10 min. 
Drain wash water •......................................... 10 min. 
Add salt and run churn ........................•..•........ 5 min. 
Run test, add water, run churn .............................. 15 min. 
After rinsing churn. one man would be SUbstantially free for next hour. busy 15 of 
the next 30 minutes, and fully occupied the next 20 minutes. 
Tub 1,800 lbs. butter (1 man) .........•............................. 20 min. 
Tub 1,800 lbs. butter (2 men). _ ..... _ ... __ .....••.................... 10 min. 
Weigh, package and remove 1,800 lb •• of butter (1 man) .............. 25 min. 
Weigh. package and remove 1,800 Ibs. of butter (2 men) .............. 15 min. 
Make boxes for 1,800 lbs. of butter (1 man) ................ _ ......... 10 min. 
Line boxes for 1,800 lbs. of butter (1 man) ......••........... _ ........ 15 mIn. 
Clean churn ......•....•........................ _ ................... 60 min. 
Time required of 1 man on cleaning churn ............................ 10 min. 
Make records (Plants I, II and III) ....•............... 15 min. per churning 
RECEIVING 
1 CHURNING 
Receiving time ............................................. % min. per can 
(Allow 5 min. between loads.) 
Total receiving time ................................................ 75 min. 
Prepare receiving room ............................................. 10 min. 
Clean receiving room ................................................ 1 hour 
2 CHURNINGS 
Receiving time (2 men). , ................................... 3 cans per min. 
(Allow 5 min. after first load; 10 min. after second load for acidity test; 
5 min. after third load.) 
Total receiving time (2 men) ..........•...................... _ ...... 80 min. 
Prepare receiving room (1 man) .... " ..... _ ...............•.....••.. 10 min. 
Clean receiving room (1 man) ............................. _ ........ 60 min. 
3 CHURNINGS 
Receiving time (2 men) . . . . . . . . . .. . ......................... 3 cans per min. 
(Allow 5 min. after first load; 10 min. after second load; 5 min. after 
third load; 10 min. after fourth load; 5 min. after fifth land.) 
Total receiving time (2 men) ...................................... 125 min., 
Prepare receiving room (1 man) •....•...............•........ _ .... 10 min. 
Clean receiving room (1 man) ...•......... __ ........ _ ............ _ 75 min. 
4 CHURNINGS 
Receiving time (2 men) .•....................•....... _ ...... 3 cans per min. 
(Allow 10 min. after each load.) 
Total receiving time (2 men) ...................................... 190 min. 
Prepare receiving room (2 men) ................................... 10 min. 
Clean receiving room (1 man) ..••..•..........•........... c •••••••• 90 min. 
6 CHURNINGS 
Receiving time (3 men) .•.................................. 5 cans per min. 
(Al1ow 10 min. between loads.) 
Total receiving time (3 men) ....................................... 220 min. 
Prepare receiving room (2 men) .... " ..........•................. ,. 10 min: 
Clean receiving room (1 man) .................................. _ ... 90 min. 
S CHURNINGS I 
Receiving time (3 men) ........................ _ ....•...... 5 cans per min. 
(Allow 10 min. between loads.) 
Total receiving time ..........................•.................... 300 min. 
Prepare receiving room (3 men) .................................... 10 min. 
Clean receiving room (1 man) ••.................................... 90 min. 
TESTING 
Testing time per 36 samples (1 man) ................ _ ......... _ ..... 30 min. 
Number of samples per 1,800 pounds of butter ..... _ .............. 70 samples 
Testing time per 1,800 pounds of butter (1 man) .............. __ ...... GO min. 
Testing time per 1,800 pounds of butter (2 men) ...................... 30 min. 
Wash test bottles, etc., per 1,800 pounds of butter (1 man) .......... 10 min. 
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PASTEURIZING 
Heat up cream (per vat) ........................... , ...............•. 40 min. 
Pasteurize cream ......................................... " ......... 20 min. 
(Allow 10 min. for acidity test.) 
Cooling time per 600.gallon vat (in vat) ............................ 90 min. 
Cooling time per SOO·gallon vat (plate cooler), 4 churning plant ...•.... 30 min. 
Cooling time per SOO·gallon vat (plate cooler), 6 and 8 churning plant .. 15 min. 
Clean vat .....................•.•....................•............. 30 min. 
Clean plate cooler .................................................. 30 min. 
Clean storage tank .•.........................•...................... 30 min .. 
Clean pipes ••••..•.•....................•...... '. ..............•.... 30 min. 
GENERAL PLANT 
Tend boiler (Plants I. II and III): 
5 min. at start of day. 
5 min. at end of day. 
General plant cleanup: 
Plants I. II and III. ............................................ 30 min. ' 
Plants IV, VI and VIII ..........................•.............. 60 min. 
APPENDIX K 
ALLOCATION OF PRIMARY COSTS TO DEPARTMENTS 
FOR PLANTS I THROUGH VIII 
Labor ............... 
Fuel. ............... 
Power .... ; .......... 
Material used 
in process ......... 
Packaging materials ... 
Building cost ........ 
Equipment cost. ..... 
Insurance ........... 
Taxes ..... " ........ 
Payroll taxes ........ 
General plant supplies 
Office supplies and 
bank char~cs ....... 
General admmi •• 
trative expense ..... 
TOTAl, ......... 
Labor ............... 
Fuel. ............... 
Power ............... 
Material used 
in process ......... 
Packaging supplies .... 
Building eo.qt ........ 
Equipment cost ... " . 
Insurance ........... 
Taxes ............... 
Payroll taxes ........ 
General plant sup.rlies 
Office supplies an 
bank ehar~es ...•... 
General admm;'· 
trative expense ..... 
TOTAL ......... 
PLANT I 
ANNUAL PRODUCTION-360,OOO POUNDS , 
(Cost in dollars) 
Admini.· Receiving Pasteurizing Gen ... l 
tra!.ion and testing and cooling Churning plant 
1.900 1.600 429 1.140 340 
............ ............ ............ ............ 1.012 
............ ............ ............ ............ 475 
............ ............ ............ 258 . ........... 
............ . . . . . . . . . . . . ............ 1,150 . ........... 
84 311 263 234 782 
168 655 1.185 705 1,155 
16 57 65 48 134 
42 152 175 127 359 
38 32 7 24 7 
. . . . . . . . . . . . ............ ............ ............ 695 
187 ............ ............ ............ ............ 
1,150 ............ ............ ............ 
3,585 2,807 2.115 3.6S6 4.959 
PLANT II 
ANNUAL PRODUCTION-720,OOO POUNDS 
(Cost in dollars) 
Adminis- Receiving Pasteurizing General 
tration and testing and cooling Churning plant 
2.400 2,670 940 2.590 300 
............ ............ ............ . ........... 1,445 
............ ............ . ........... . . . . . . . . . . . . 947 
............ . ........... ............ 515 . ........... 
............ 
'345" . . . . . . . . . . . . . 2.302 · .... ·737 .. · 79 291 258 
168- 655 1,741 705 1.230 
15 60 67 50 134 
41 161 231 133 359 
48 53 19 52 6 
............ ............ ............ . ........... 1.390 
374 ........ ". ... ............ . ........... . ........... 
1,737 ............ . . . . . . . . . . . . . ........... ............ 
4.862 3.944 3.309 6,605 6.548 
Total 
5.400 
1.012 
475 
258 
1.150 
1.674 
3.668 
320 
855 
108 
695 
187 
1,150 
17.152 
Total 
8.900 
1,445 
947 
515 
2.302 
1.710 
4.499 
346 
925 
178 
1,390 
374 
1.737 
25.268 
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PLANT III 
ANNUAL PRODUCTION-l,080,OOO POUNDS 
(Cost in dollar.) 
Admini.- Rec.Jving Pasteurizing 
tration and testing and cooling Churning 
Labor............... 4.800 
Fuel ........................... . 
Power ..... _ .................... . 
Material used 
in process .. .................. . 
Packa~ing supplies ............... . 
Ruilding cost. . . . . . . . 125 
Equipment cost. . . . . . 216 
In,urance. . . .. . . .. .. 22 
Taxes............... 58 
Payroll taxes.. .. .. .. . 86 
General plant supplies ........... . 
3,990 1,540 4,280 
...... 287 .. · · .... ·4SS· .. 
979 2,365 
69 126 
185 336 
65 44 
772 
3,455 
. 466 
1.251 
88 
234 
72 
General 
plant 
690 
1.877 
1,350 
.. .. i :oii" . 
1,538 
177 
472 
9 
2,084 
Total 
15,300 
1,877 
1,350 
772 
3,455 
2.356 
6.349 
482 
1.285 
276 
2,084 
Office supplies and 
G:U~~~1 c:J~1~9:" .. . 562.. .. .. .. .... ............ ............ ............ 562 
trative expense..... 2,325 ................................................ 2,325 
--1--------1--------1--------1--------1--------
TOTAL......... 8.194 5,515 4.m 10,618 9,209 38,473 
PLANT IV 
ANNUAL PRODUCTION-l,440.000 POUNDS 
(Cost in dollars) 
Adminis- Receiving Pasteuri.ing 
t.ration and testing and cooling Churning 
General 
plant Total 
Labor .... :.......... 5,540 3,030 3,570 1,860 21,700 7,700 
Fuel................ ............ ............ ............ ............ 2,340 2,340 
Power.... .. . . . . . . ... ............ ............ ............ ............ 1,817 1,817 
Material used 
in process.......... ............ ............ ............ 1.030 ............ 1,030 
Packaging supplies.... ............ ............ ............ 4,610 ............ 4,610 
Building cost........ 12B 356 721 496· 1.083 2.784 
Equipmentcost...... 240 1,096 3,135 1.313 1,936 7,720 
Insurance. . .. .. .. .. . 23 81 193 94 205 596 
Taxes.. .. .. .. .. .. .. . 62 216 516 252 544 1,590 
Payroll taxes.. .. .... 154 111 61 71 37 434 
General plnnt supplies ............ ............ ............ ............ 2,780 2,780 
Office supplies and 
bank charges..... .. 748 ......... '" ............ ............ ............ 748 
General adminis-
trative e.peIL'e..... 2,912 ................................................ 2,912 
1-------1------1-------1-------1------1-------
TOTAL ........ . 11.967 7.400 7,656 11,436 12,602 51,061 
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PLANT VI. 
ANNUAL PRODUCTION-2,160,OOO POUNDS 
(Cost in dollars) 
Adminis- I Receiving Pasteurizing General tration and testing and cooling Churning plant Total 
8,600 7,020 3,710 6,550 2,720 Labor.............. . 28,600 
............ ............ ............ ............ 3,170 Fuel......... ...... . 3.170 
............ ............ ............ ............ 2,562 Power............... 2,562 
Materials used 
............ . . . . . . . . . . . . . . . . . . . . . . . . 1,545 ............ in process.. .. .. .. .. 1,545 
Packaging supplies.. . . 6,900 ............ ............ ............ 6,900 
.. .. dss··· 188 441 850 850 Iluilding cost..... .. . . 3.912 
672 1,416 4,344 1,438 2.991 Equipment cost...... 10,86t 
50 104 270 136 310 r nsuranee. . . . . . . . . . . 870 
131 271 710 358 820 TaXeS.. .. .. .. .. .. .. . 2.290 
172 140 74 132 54 Payroll taxes. . .. . . . . . 572 
............ ............ ............ ............ 4,170 General plant supplies 4,170 
Office supplies and 
bankingchar~"".... 1,125 ............ ............ ............ ............ 1,125 
General adminis-
trative expense..... 4,077 ................................................ 4,077 
----- -----;-----1-·-----1-----1------
TOTAL ..... :... 15.015 9,392 9,958 17,909 18,460 70,654 
Labor .............. . 
Fuel. .............. . 
Power .............. . 
Material used 
in process .. ' ...... . 
Packaging supplieg ... . 
Iluilding co~t ....... . 
Equipment cost ..... . 
Insurance .......... . 
Taxes .............. . 
Payroll taxes ........ . 
General plant ,upplies 
Office supplies and 
bank charges ...... . 
General adminis-
trative expense ..... 
TOTAL ........ . 
PLANT VIII' 
ANNUAL PRODUCTION-2,880,OOO POUNDS 
Admini.-
tration 
8,600 
............ 
............ 
203 
672 
50 
134 
172 
1,495 
5.262 
16,588 
(Cost in dollars) 
Receiving 
and testing 
Pasteurizing 
and cooling 
8,940 4,320 
............ ............ 
. ........... . . . . . . . . . . . . 
...... 438 .. · .... "700'" 
1,416 4,428 
102 264 
272 t04 
179 86 
Churning 
8,140 
............ 
............ 
2,060 
9,220 
878 
2,002 
156 
415 
163 
GClleral 
plant 
4.600 
4.040 
3.377 
"''i:75S'" 
2,991 
325 
860 
92 
5,560 
. .............................................. . 
11,347 10,590 23.034 Z3,600 
Total 
34,600 
, 4,040 
3.377 
.... 2,060 
9.220 
4.062 
11,509 
897 
2,385 
692 
5.560 
1,495 
5.262 
85.159 
8~O 
APl'ENDIX L 
TOTAL INVESTMENT IN BUILDING AND EQUIPMENT FOR 
SIX HYPOTHETICAL PLANTS 
Plant Building I Equiflm.nt Total (Dollars) (Do lars) (Dollars) 
1 27,900 29,083 56,983 
II 28,500 33,131 61,631 
III 39,260 46,473 85,733 
IV 46,400 59,649 . 106,249 
VI 65,200 87,524 152,724 
VIII 67,700 91,724 159,424 
